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SUMMARY 
The importance of zinc deficinecy during embryonic 
development, and congenital malformation in the fetuses is 
well known. Anencephally and hydrocephally occur following 
'in utero' zinc deficiency in rat (Dreosti 1983). The 
importance of zinc for human health was first documented in 
1963. During the past 28 years deficiency of zinc in humans 
due to nutritional factors and several disease states have 
now been recognized. 
High phytate content of cereal protein alcoholism, 
malabsorption, sickle-cell anemia, chronic renal disease and 
chronically debilitating diseases are known to be 
predisposing factors for zinc deficiency. A spectrum of 
clinical manifestation ranging from mild to severe degree 
have now been recognized in human zinc deficiency states. 
The endogenous (feacal) zinc excretion is important for 
the zinc homeostasis at low zinc intake, whereas at high 
intake the homeostasis is regulated via absorption from the 
digestive tract (Heddie, 1990). 
Zinc is provided to organism mainly via diet. Zinc is 
required for many biological functions, including DNA, RNA 
and protein synthesis (Sandstead et al . , 1969) cell division 
(Taylor, 1982) and gene expression (Miller, et al . 1985 and 
Kluge 1987). It is also required for the activity of many 
enzymes in biological system. Large pools of zinc exist in 
some tissues of the body (muscle and liver), but this zinc is 
not readily mobilized. During zinc deficiency there is either 
a small decline in the concentration of zinc in these tissues 
or no changes at all (Hurley, et. al . 1971). Severe zinc 
deficiency during pregnancy results in embryonic death, 
small fetuses and malformations (Hurley 1966). 
Sensitivity of fetuses to zinc deficiency is partly due 
to the need for zinc during neurogenesis and for normal 
formation of the central nervous system. Biochemically, the 
the teratogenicity of zinc deficiency is widely ascribed to 
impaired nucleic acid synthesis during embryonic development 
(Dreosti et al 1972) resulting in asynchrony of histogenesis 
and organogenesis for normal morphogenesis (Hurley et al 
1972). Considerable evidence suggests that diminished 
activity of the zinc dependent enzyme, thymidine kinase, may 
be an important factor responsible for reduced mitotic 
activity (Duncan et al 1975), since this enzyme is widely 
recognized to represent a rate limiting step in DNA 
biosynthesis. 
In this study it was observed that dams fed peas soaked 
in water from gestation day O failed to deliver on term 
completion. On the other hand, the dams which were housed 
along with a male produced pups at term, suggesting that the 
absence of male rats during gestation period resulted in 
mild zinc deficiency and inability of the dams to deliver at 
terms. It was concluded that mineral contents of male rat 
faeces was of vital importance for the normal development of 
rat fetuses and for normal parturition in dam. Severe zinc 
deficiency produced in dams from gestation day 12 to term 
completion produced fetuses with skeletal abnormalities (Fig. 
6) and hydrocephaly (Fig. 8). 
Light and electron microscopic sudies were carried out 
on different regions of the brain from rat fetuses, dams and 
adult males. The animals were perfused with 3% 
paraformaldehyde and 3% gl utaral dehyde in 0.1M phosphate 
buffer. After post fixation in 1% osmium tetroxide, tissues 
were dehydrated in graded series of alcohols. Propylene oxide 
was used as transitional fluid. The specimens were 
impregnated with epoxy resin (arldite). Semi-thin section 
were stained with Toluidine blue and Richardson's method and 
the area of interest was selected and the blocks trimmed for 
ultra-thin sections. They were examined on electron 
microscope. Zincon was used for histochemical demonstration 
of zinc in the rat brain (Hasan 1977). Alkaline phosphatase 
was demonstrated by the method of Gomori (1952). Simplified 
Golgi fast technique was used for demonstration of nerve 
fibres neurons and neuroglia in the rat brain. The light 
photomicrographs were taken using Othomat Camera fitted on 
Orthoplan microscope (Leitz). The electron micrographs were 
obtained on cut film 'sheet' using Phillips 410 LS and roll 
film using CM-10-Phi11ips electron microscope. 
Quantitative biochemical studies of the zinc content of 
the rat brain were carried out using Perkin-Elmer atomic 
absorption spectrophotometry. DNA was estimated according to 
the method Dische (1930), RNA according to Volkin et al 
(1964). Protein was estimated by Lowry et al (1951), Alkaline 
phosphatase (AK) according to Bessay (1946) and for the 
activity of Super oxide dismutase (SOD). The method described 
by Marklunds and Marklund (1974) was used. 
Quantitative biochemical studies indicated that zinc 
deficiency reduced the protein (Table 2) DNA (Table-3), and 
RNA (Table-4) content of the brain regions protein.The loss 
of DNA during zinc deficiency in developing fetal rat brain, 
where the cell division follows very closely upon each other, 
raises strong possibility that a mistake may occur during 
replication, the cells with wrongly replicated DNA may be 
eliminated by necrosis (Ernst, 1962). The good fixation of 
neighbouring cells in the vicinity of necrotic cells, 
however, seems to eliminate the possibility of fixation 
artifact and post-mortem autolysis. 
In severe zinc deficiency, different types of isolated 
necortic cells were observed situated far apart from each 
other (Fig. 25,26,58), while in case of mild zinc deficiency 
necrotic cells were placed close together (Fig 68-71). 
The present study shows that the cell proliferation 
occurs in the form of mitotic cell division in the control 
and experimental fetal rat brain. Severe zinc deficiency was 
produced in dams from day 12 of gestation. In this case the 
proliferating cells in the cortex were usually in the form 
of isolated cells. As the zinc deficiency produces its 
maximum effect on proliferationg cells, therefore, the 
necrotic cells were located at a distance from each other. 
On the other hand, in the case of mild zinc deficiency, where 
zinc deficiency was produced from gestation day 0, the mass 
of proliferating cells was affected and caused the formation 
of large necrotic regions in the cerebral cortex of the 
fetuses (Fig. 68-71 ). 
Cerebellar morphology is adversely affected by severe 
postnatal zinc deficiency (Dvergsten, 1981). The number and 
migration of granule cells are also depressed. Purkinje, 
basket and stellate cells dendritic arborizations are 
deformed and suppressed and parallel fibres are decreased 
(Dvergsten 1981 ). 
In this study the morphology of the cerebellum was 
markedly affected the granule cell layer was differentiate 
into outer and inner granule cell layer in the control group 
fetuses (Fig. 10, 12), while the cerebellum from fetuses 
belonging to severe zinc deficiency group showed a uniform 
cell population density (Fig, 11, 13) pointing to depressed 
migration of the granule cells during fetal rat brain 
development in severely zinc deficient group. 
T a b l e - 1 shows t h a t t h e c o n c e n t r a t i o n o f z i n c was 
reduced i n a l l reg ions o f the b r a i n i n z i nc i n t o x i c a t e d r a t s . 
Ebad i e t . a l . ( 1 9 8 4 ) showed t h a t i n t r a p e r i t o n e a l 
a d m i n i s t r a t i o n o f z i n c s u l p h a t e d i d n o t s t i m u l a t e t h e 
syn thes i s o f any z inc b i n d i n g p r o t e i n i n the r a t b r a i n . I t 
may be concluded t h a t p e r i p h e r a l l y adm in i s te red z inc gets 
bound r a p i d l y t o z i nc b i n d i n g p r o t e i n and was u n a v a i l a b l e f o r 
t r a n s p o r t t o the CNS. U l t r a s t r u c t u r a l changes o f the b ra in 
t i s s u e i n t h i s group were marked by the f o r m a t i o n o f e l e c t r o n 
dense bodies i n the nuc leus ( i n t r a nuc lea r i n c l u s i o n ) ( F i g . 
89, 90) and s p l i t t i n g o f mye l in membranes w i t h the f o rma t i on 
o f e l e c t r o n dense g r a n u l a ( F i g . 9 3 ) . I n g e n e r a l , z i n c 
i n t o x i c a t i o n i n c r e a s e d t h e f o r m a t i o n o f e l e c t r o n dense 
m a t e r i a l . ( F i g . 9 1 , 9 2 , 9 3 ) . The under mentioned d i f f e r e n t types 
of c e l l nec ros i s were observed i n z i nc d e f i c i e n t ge tuses : 
1 . The f i r s t t y p e o f n e c r o s i s showed c o n d e n s a t i o n and 
f ragmen ta t i on o f c e l l s ( F i g . 58) 
2. Clumping o f chromata in i n t o l a r g e p o l a r p laque , which i s 
c h a r a c t e r i s t i c p y k n o t i c n u c l e i ( F i g . 69) 
3. Nuclear f r agmen ta t i on ( f i g . 2 2 ) 
4 . Swo l len c e l l w i t h a n u c l e u s h a v i n g r e d u c e d c h r o m a t i n 
m a t e r i a l ( F i g . 7 2 ) w i t h s w o l l e n r o u g h e n d o p l a s m i c 
r e t i c u l u m ( F i g . 7 3 ) . 
5. P y k n o t i c c e l l ( F i g . 50) s h o w i n g d i s r u p t e d n u c l e a r 
membrane ( F i g . 7 8 ) and f l o c c u l a r c l e a r i n g ( F i g . 7 9 ) . 
6. Format ion o f phagocy t i c c e l l s ( f i g . 60, 7 0 ) . 
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s e p a r a t i o n o f b r a i n t i s s u e s f r o m m e n i n g e s 
c o v e r i n g t h e b r a i n x 3200. 
F i g . 15 E l e c t r o n m i c r o g r a p h o f t h e i n n e r g r a n u l e c e l l 179 
l a y e r i n t h e c e r e b e l l u m o f t h e c o n t r o l g roup 
f e t u s s h o w i n g i r r e g u l a r l y d i s p e r s e d 
h e t e r o m o r p h i c c e l l p o p u l a t i o n i n t h i s r e g i o n . 
The c e l l s w h i c h posses a n u c l e u s (N) w i t h a 
n u c l e o l u s ( n ) a r e f u t u r e neu rons ( a r r o w ) . The 
c e l l s w h i c h do n o t p o s s e s s n u c l e o u l s a r e 
p r o g e n i t o r s o f a s t r o c y t e s (A) x 2450 . 
F i g . 1 6 E l e c t r o n m i c r o g r a p h o f t h e i n n e r g r a n u l e c e l l 180 
l a y e r o f t h e c e r e b e l l u m i n t h e c o n t r o l g roup 
f e t u s s h o w i n g i r r e g u l a r l y d i s p e r s e d v a r i e g a t e d 
c e l l p o p u l a t i o n . A l s o , s m a l l e r c e l l s 
e x h i b i t i n g a d a r k n u c l e u s ( N ) w i t h a 
n u c l e o l u s ( n ) a r e d i s c e r n i b l e x 2 4 5 0 . F i g . 
(17 ) E l e c t r o n m i c r o g r a p h f r o m t h e c e r e b e l l a r 
i n n e r g r a n u l e c e l l l a y e r o f t h e c o n t r o l g roup 
f e t u s s h o w i n g t h e n e u r o n s ( a r r o w ) w h i c h a r e 
s u r r o u n d e d by c e l l p r o c e s s e s and s y n a p s e s i n 
t h e n e u r o p i l ( n p ) x 5750. 
F i g . 1 7 E l e c t r o n m i c r o g r a p h f r o m t h e c e r e b e l l o r i n n e r 180 
g r a n u l e c e l l l a y e r o f t h e c o n t r o l g r o u p 
s h o w i n g t h e n e u r o n s ( a r r o w ) w h i c h a r e 
s u r r o u n d e d by c e l l p r o c e s s e s and s y n a p s e s i n 
t h e n e u r o p i l ( n p ) x 5750. 
F i g . 1 8 E l e c t r o n m i r c r o g r a p h s h o w i n g t w o 181 
o l i g o d e n d r o c y t e s ( 0 1 , 0 2 ) f r o m t h e c e r e b e l l a r 
g r a n u l e c e l l l a y e r o f c o n t r o l g r o u p f e t u s 
h a v i n g d a r k n u c l e i (N) w i t h h e t e r o g e n e o u s 
d i s t r i b u t i o n o f p a t c h e s o f c h r o m a t i n w i t h 
I l l 
m a r i g i n a l dense ch romat in , i n the v i c i n i t y of 
t h e n u c l e u r membrane a r r o w s u r r o u n d e d by a 
t h i n r im o f e l e c t r o n dense cy top lasm. I n the 
e l e c t r o n dense m a t r i x o f t h e c e l l on t h e 
r i g h t hand s i d e , cytopasmic o r g a n e l l a e are 
d i f f i c u l t t o d i sce rn 'X 7750. 
F ig .19 E l e c t r o n micrograph from the c e r e b e l l a r inner 181 
g ranu le c e l l l ayer i n the c o n t r o l group f e t u s 
showing a c e l l e x h i b i t i n g i n e l o n g a t e d rod 
shaped nuc leus (N) (S ta "bachenze l l e ) x 29000. 
F ig .20 E l e c t r o micrograph o f the c e r e b e l l a r g ranu le 182 
c e l l l a y e r o f c o n t r o l g r o u p f e t u s show ing 
t h r e e n u c l e a r p r o f i l e s o f p r o l i f e r a t i n g 
o l i godend rocy tes ( 0 ^ , O2 and O3). Note the 
h i g h e l e c t r o n d e n s i t y o f c y t o p l a s m and 
m a r g i n a l c lump ing o f t h e c h r o m a t i n i n t h e 
n u c l e i (N) x 7750. 
F ig .21 E l e c t r o n micrograph o f the c e r e b e l l a r g ranu le 182 
c e l l l a y e r o f c o n t r o l g r o u p f e t u s . A c e l l 
shows m i t o t i c f i g u r e (o f c e l l d i v i s i o n ) . The 
e l e c t r o n dense ma te r i a l (a r row) rep resen ts the 
chromosomes x 13250. 
F ig .22 O i l immersion photomicrograph o f s e m i - t h i n 183 
s e c t i o n o f a p a r t o f c e r e b e l l u m o f t h e 
exper imen ta l r a t f e t u s showing degenera t ing 
nerve f i b r e s (ar row) x 950. 
F ig .23 O i l immersion photomicrograph o f a s e m i - t h i n 183 
s e c t i o n ( p l a s t i c embedded) s t a i n e d w i t h 
t o l u i d i n e b lue i n the reg ion o f ce rebe l lum of 
expe r imen ta l group f e t u s , showing degenerated 
neurons ( l a r g e arrow) and nerwe f i b r e s (smal l 
a r row) x 950. 
F ig .24 O i l immersion Photomicrograph o f s e m i - t h i n 184 
s e c t i o n o f a p a r t o f t h e f e t u s c e r e b e l l u m 
showing a p r i m i t i v e ( d i v i d i n g ) neuron i n the 
te lophase s tage o f the m i t o s i s (a r row) x 950. 
F ig .25 E l e c t r o n micrograph showing the g ranu le c e l l 184 
l a y e r i n t he cerebel lum o f exper imen ta l f e t a l 
r a t b r a i n , d i f f e r e n t t y p e s o f c e l l s a r e 
i r r e g u l a r l y s c a t t e r e d i n t h i s r e g i o n . A 
n e c r o t i c neuron ( a r r o w ) i s a l s o v i s i b l e x 
1800. 
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F i g . 2 6 E l e c t r o n m i c r o g r a p h a t h i g h e r m a g n i f i c a t i o n 185 
f r o m ( F i g . 25 ) s h o w i n g an n e c r o t i c n e u r o n 
w i t h a p a l e c y t o p l a s m h a v i n g e l e c t r o n d e n s e 
m a t e r i a l ( a r r o w ) . A n e u r o n w i t h homogeneous 
c h r o m a t i n m a t e r i a l a n d a n u c l e o l u s ( n ) i s 
h a v i n g s a t e l l i t e o l i g o d e n d r o c y t e (So) i n t h e 
v i c i n i t y o f i t s n u c l e o l u s (N) x 3250 . 
F i g . 2 7 E l e c t r o n m i c r o g r a p h a t h i g h e r m a g n i f i c a t i o n 185 
f r o m F i g . ( 2 5 ) s h o w i n g p r e s e n c e o f t w o 
e l o n g a t e d n u c l e i (N) w i t h a n u c l e o l u s (m) and 
d a r k h o m o g e n e o u s l y d i s t r i b u t e d c h r o m a t i n 
m a t e r i a l . The p e r i k a r y o n s h o w s p r e s e n c e o f 
rough e n d o p l a s m i c r e t i c u l u m ( rER) a r r o w and 
m i t o c h o n d r i a (m) s u r r o u n d e d by n e u r o p i l (MP) 
X 9750 . 
F i g . 2 8 E l e c t r o n m i c r o g r a p h o f t h e c e r e b e l l u m f r o m 186 
e x p e r i m e n t a l g r o u p f e t u s s h o w i n g d i f f e r e n t 
t y p e s o f c e l l s h a v i n g n u c l e u s some w i t h d a r k 
h o m o g e n e o u s l y d i s t r i b u t e d c h r o m a t i n and a 
n u c l e o l u s ( n ) a n d o t h e r c e l l s w i t h a 
c o m p a r i t i v e l y l a r g e r n u c l e i ( N ) h a v i n g 
e l e c t r o n l u c i d h o m o g e n e o u s l y d i s p e r s e d 
c h r o m a t i n . A neuron w i t h an i r r e g u l a r n u c l e a r 
e n v e l o p e p r o b a b l y d e g e n e r a t i n g , i s a l s o 
v i s i b l e ( a r r o w ) x 2450 . 
F i g . 2 9 E l e c t r o n m i c r o g r a p h show ing d i f f e r e n t t y p e s 186 
o f c e l l s i n t h e g r a n u l e c e l l l a r y e r o f t h e 
c e r e b e l l u m o f t h e e x p e r i m e n t a l f e t a l r a t 
b r a i n . Smal l c e l l s h a v i n g m a r k e d l y reduced 
s i z e , n u c l e i (N) s u r r o u n d e d by n e u r o p i l ( n p ) , 
w h i c h shows d e g e n e r a t i n g n e r v e f i b r e s ( a r r o w ) . 
A n e c r o t i c c e l l i s a l s o v i s i b i l e ( l a r g e 
a r r o w ) . A number o f v e r y s m a l l c e l l s a r e 
v i s u a l i z e d x 2950 . 
F i g . 3 0 E l e c t r o n m i c r o g r a p h o f t h e g r a n u l e c e l l i n 187 
& t h e c e r e b e l l u m o f t h e e x p e r i m e n t a l g roup f e t u s 
31 s h o w i n g h e t e r o m o r p h i c n u c l e i ( N ) w i t h 
homogenous ly d i s t r i b u t e d c h r o m a t i n m a t e r i a l 
s o r r u n d e d by a t h i n r i m o f c y t o p l a s m x 2450 . 
F i g . 3 2 E l e c t r o n m i c r o g r a p h o f c e r e b e l l a r g r a n u l e 187 
c e l l l a y e r i n t h e e x p e r i m e n t a l g r o u p f e t u s 
show ing a neuron h a v i n g a n u c l e u s (N) w i t h a 
homogeneously d i s t r i b u t e d c h r o m a t i n m a t e r i a l . 
The. c y t o p l a m s i s p a l e and s w o l l e n s h o w i n g 
p resence o f rough e n d o p l a s m i c r e t i c u l u m ( rER) 
w i t h r i b o s b m e s h a v i n g a b n o r m a l l y r e d u c e d 
number o f o r g a n e l l e s s u r r o u n d e d by n e u r o p i l 
(np), which shows sign of degeneration 
(arrow) x 5750. 
Fig.33 Electron micrograph of the cerebellar 188 
granule cell layer in the experimental group 
fetus showing neurons which are surrounded by 
pale kperikaryon with few organelles. A number 
of electron dense degenerating profiles are 
also seen (arrow) x 7750. 
Fig.34 Electron micrograph from the experimental 188 
fetal rat cerebellum, showing a neuronal 
death, exhibiting electron dens heterogeneous 
structure. The cellular organelles are not 
clearly visual!red x 4200. 
Fig.35 Electron micrograph at higher magnification 189 
from Fig. (36). The cell organelles in the 
oligodendrocytes (o) is not clearly visible. 
The swollen neuron (arrow) display a floccular 
clearing along one pole. With clear cellular 
organellae x 8800. 
Fig.36 Electron mircrograph from the granule cell 189 
layer of cerebellum in the experimental group, 
fetus showing presence of different types of 
cells. An oligodendrocyte (o) exhibiting an 
electron dense nucleus (N) and cell matrix is 
surrounded by neuropil (np), which shows sign 
of degeneration the small arrow points to the 
degenerated neuropil composed of electron 
dense portion in the centre with a rim of 
electron lucid material surrounded by swollen 
degenrating nerve fiber (large arrow) x 3200. 
Fig.37 Electron micrograph from the neuropil (np) in 190 
the region of cerebellum from experimental 
fetal rat brain, showing degenerated nerve 
fiber (arrow) in the form of electron dense 
granules x 2450. 
Fig.38 Electron micrograph from experimental group 190 
fetus Shows the presense of different types of 
cells, surrounded by degenerating neuropil 
(np) (arrow) x 6000. 
Fig.39 Showing a paraffin section (H&E) from the 191 
fetal cerebrum at the caudal part of 
hippocampus of a rat fetus from paired fed 
dams. From superficial to deep layer are 1) 
cortical plate, showing comparatively densely 
populated cells. (2) The intermediate zone and 
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(3) the darkly stained highly compact germinal 
cell layer the arrow indicate approximate line 
of separation of these zones x 80. 
Fig.40 Semi-thin toluidine blue stained section from 191 
the fetal cerebral cortex of control group, 
showing, from superficial to deep layer, the 
1) cortical plate, 2) Intermediate zone, and 
3) dark highly compact germinal cell layer, 
the arrow The arrows show approximate lines of 
separation of these layers x 95. 
Fig.41 Semi-thin toluidine blue stained section of 192 
cerebrum in the control group fetus showing 
the densly packed cortical plate cells having 
a nucleus (N) with pale cytoplasm. Arrow 
points to the line of separation of cortical 
plate from the intermediate zone x 250. 
Fig.42 Electron micrograph from the cortical plate of 193 
cerebrum in the control group fetus showing 
different types of cells, some having clear 
nucleolus (n) are progenitor of future 
neurons. The remaining cells without a 
nucleolus (n) will probably differentiate into 
different types of neuroglia (small arrow). 
The cells with dense chromatin will probably 
differentiate into one of the above mentioned 
cell types (large arrow) x 9800. 
Fig.43 Electron micrograph from the cerebral 193 
cortical plate in control group fetus showing 
different types of cells. A large cell with a 
nucleus (n) having patches of dispersed 
chromatin (arrow) is seen. Short arrow 
pointing to two cells one having a very small 
nucleus (N) the other showing much larger 
nucleus (N) separated by thin rim of cytoplasm 
X 8800. 
Fig.44 Electron micrograph from the deep region in 194 
the cortical plate of the control group 
cerebrum showing neurons having a nucleus (N) 
with homogeneously dispersed chromatin, 
surrounded by un myelinated nerve fibres (np) 
X 6000. 
Fig.45 Showing a paraffin section (H & E) from the 195 
cerebrum at the rostrol part of hippocampus of 
rat foetus from severe zinc deficient group. 
From superficial to deep layer are: (1) the 
cortical plate showing comparatively densely 
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p o p u l a t e d c e l l s , ( 2 ) . The i n t e r m e d i a t e zone 
and ( 3 ) t h e d a r k l y s t a i n e d h i g h l y c o m p a c t 
g e r m i n a l c e l l l a y e r t h e a r r o w shows t h e l i n s 
o f s e p a r a t i o n o f t h e s e zones x 40 
F i g . 4 6 S e m i - t h i n s e c t i o n s t a i n e d w i t h t o T u i d i n e b l u e , 195 
f r o m s u p e r f i c i a l p a r t o f c o r t i c a l p l a t e o f 
c e r e b r u m f r o m s e v e r e z i n c d e f i c i e n t g r o u p 
shwo ing d i f f e r e n t t y p e s o f c e l l ' s . No te t h a t 
some c e l l s e x h i b i t i n g l a r g e r n u c l e u s (N) w i t h 
c o m p a r a t i v e l y reduced amount o f c h r o m a t i n a re 
p r e s e n t i n t h i s l a y e r . Sma l l a r r o w p o i n t s t h e 
n e u r o n s i n t h e p r o c e s s o f m i t o t i c d i v i s i o n and 
a l a r g e a r r o w p o i n t s t o c e l l s s h o w i n g 
t e l o p h a s e s t a g e o f m i t o t i c d i v i s i o n . The 
d i v i d e d n u c l e i l i e a t o p p o s i t e p o l e s . A 
s a t a l l i t e o l i g o d e n d r o c y t e s ( 0 ) i s a l s o seen i n 
i t s v i c i n i t y x 950 . 
F i g . 4 7 S e m i - t h i n s e c t i o n s t a i n e d w i t h t o l u i d i n e b l u e , 195 
f r o m t h e deep l a y e r o f c o r t i c a l p l a t e o f f e t a l 
r a t c e r e b r u m f r o m s e v e r e z i n c d e f i c i e n t g r o u p , 
s h o w i n g d i f f e r e n t t y p e s o f n e u r o n s . A r r o w 
p o i n t s t o t h e c e l l u l a r d e a t h i n t h e f o r m o f 
h i g h l y dense by s t a i n e d m a t e r i a l x 9 5 0 . 
F i g . 4 8 S e m i - t h i n s e c t i o n s t a i n e d w i t h t o l u i d i n e b l u e 196 
•49 a n d F i g . ( 4 9 ) s t a i n e d w i t h R i c h a r d s o n ' s 
t e c h n i q u e f r o m t h e c o r t i c a l p l a t e o f t h e 
c e r e b r a l c o r t e x i n t h e e x p e r i m e n t a l f e t u s e s , 
s h o w i n g some n e u r o n s w i t h s w o l l e n p a l e 
c y t o p l a s m ( a r r o w ) x 950 . 
F i g . 5 0 E l e c t r o n m i c r o g r a p h f r o m t h e s u p e r f i c i a l p a r t 197 
o f c o r t i c a l p l a t e o f c e r e b r u m i n t h e 
e x p e r i m e n t a l g r o u p , show ing d i f f e r e n t t y p e s o f 
c e l l s h a v i n g n u c l e o l i (N) w i t h homogeneously 
d i s t r i b u t e d c h r o m a t i n . H a v i n g an i r r e g u l a r l y 
s h a p e d n u c l e a r membrane . Some o f t h e m show 
d a r k c h r o m a t i n and some do n o t e x h i b i t a 
n u c l e o l u s x 8800 . 
F i g . 5 1 - E l e c t r o n m i c r o g r a p h f r o m t h e c e r e b r u m i n t h e 197 
e x p e r i m e n t a l g r o u p , s h o w i n g p r e s e n c e o f an 
o l i g o d e n d r o c y t e h a v i n g a n u c l e u s ( N ) w i t h 
h e t e r o g e n e o u s d i s t r i b u t i o n o f c h r o m a t i n , a 
t h i n r i m o f d e n s e c h r o m a t i n f o l l o w s t h e 
i r r e g u l a r s h a p e d n u c l e a r m e m b r a n e . The 
c y t o p l a s m i s e l e c t r o n dense and t h e c e l l u l a r 
s t r u c t u r a l d e t a i l s a re n o t c l e a r l y v i s i b l e x 
5 7 5 0 . 
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Fig.52 Electron micrograph from the cerebrum of 198 
experimental fetal rat brain, showing 
different types of cells, surrounded by 
neuropil (np). Arrow points degenerating nerve 
fibers in this region x 3200. 
Fig.53 Electron micrograph from Fig. (52) at .higher 198 
magnification showing arrow indicate 
degenerating nerve fiber x 7200. 
Fig.54 Electron micrograph from the cerebrum in the 199 
experimental group showing degenerating part 
of neuropil in the form of groups of electron 
dense fibers arrow x 6000. 
Fig.55 Electron micrograph from the cerebrum of 199 
experimental fetal rat brain, showing presence 
of different types of cells in the vicinity of 
degenerating neuropil (arrow) (6000). 
Fig.56 Electron micrograph from the cerebrum of 200 
experimental rat fetal brain showing necrotic 
cells having peculiar shaped irregular nuclear 
membrane with dark cytoplasm (arrow). The 
cells are surrounded by neuropil showing signs 
of degeneration (arrow) x 6000. 
Fig.57 Electron micrograph of the cerebral cortex in 200 
the experimental group, fetal rat brain 
showing a necrotic neuron with a very dark 
irregular shaped nucleus. Wtih electron lucid 
material in the nucleus (N). The electron 
dense region in the neuropil are degenerating 
unmyelinated nerve fibers (arrow) x 5750. 
Fig.58 Electron micrograph from the cerebrum in the 201 
experimental fetal rat brain showing part of a 
nucleus (N)of a neuron. The electron dense 
material are degenerated neurons (arrow) x 
9750. 
Fig.59 Electron micrograph from the cerebral region 201 
in experimental fetal rat brain, showing a 
nucleus (N) with a nucleolus (n) displaying 
floccular clearing at one pole in the vicinity 
of a degenerating nerve fiber (arrow) x 9750. 
Fig.60 Electron micrograph of the cerebral cortex in 202 
the experimental fetal rat brain showing a 
marcophage with a variety of inclusions 
pushing the nucleus (N) to one side surrounded 
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by neuropil (np) which shows sign of 
degeneration (arrow) x 9750. 
Fig.61 Electron micrograph of the neuropil (np) in 202 
the cerebrum of experimental fetal rat brain 
showing the degenerating nerve fiber (arrow)in 
the form of electron dense material surrounded 
by unmyelinated nerve fiber x 9750. 
Fig.62 Electron micrograph from an obliquely cut 203 
section through a collapsed capillary in the 
cerebrum from the experimental group showing 
The basal lamina of the endothelial cells 
(arrow) split to enclose the pericyte (P) in 
all direction. The nucleus (N)of the 
endothelial cell is bulging in the lumen of 
the capillary x 9750. 
Fig.63 Photomicrograph from a semi-thin section 204 
stained with Toluidine blue, showing the 
transversely cut optic chiasma (arrow) of 
fetal rat brain. On the superior aspect the 
optic chiasma is covered by a layer of cells 
having elongated nuclei (N). Above it lies a 
group of cells identified as suprachiasmatic 
nucleus (S) x 250. 
Fig.64 Oil immersion photomicrograph of the 204 
suprachiasmatic nucleus in the fetal rat brain 
showing different types of neurons. On the 
inferior aspect a line of cells with alongated 
nuclei (arrow) separates it from the optic 
chiasma (O.ch) x 950. 
Fig.65 Oil immersion photomicrograph of groups of 205 
cells in vicinity of suprachiasmatic nucelus, 
showing a dividing oligodendrocyte in the last 
stage of mitotic cell division (arrow) x 950. 
Fig.66 Electron micrograph in the region of 206 
suprachiasmatic nucleus in the experimental 
group showing necrotic cells in the form of 
electron dense material 13250, 
Fig.67 Electron micrograph in the region of 206 
suprachiasmatic nucleus in the fetal 
experimental group showing neuron with nucleus 
(N) containing heterogeneous chromatin with an 
irregular nuclear envelop surrounded by pale 
degenerating neuropil. Electron dense material 
appears, abutting the neurons. The 
degenera t ing neu rop i l ( a r row) can a l so be seen 
th rough t h i s dark m a t e r i a l x 4350. 
F ig .68 T o l y i d i n e b l ue s t a i n e d s e m i - t h i n s e c t i o n 207 
photomicrograph from the c e r e b r a l co r t ex of 
t h e f e t u s f rom m i l d y z i n c d e f i c i e n t g r o u p . 
Only some of the f e tuses were showing massive 
neuronal degenerat ion i n c o r t i c a l p l a t e (dark 
s t a i n e d g ranu les ) (a r row) x 250. 
F ig .69 O i l - i m m e r s i o n p h o t o m i c r o g r a p h o f s e m i - t h i n 207 
s e c t i o n showing d i f f e r e n t t y p e o f n e c r o t i c 
c e l l s , some d a r k dead c e l l s ( s m a l l a r r o w 
s h o w i n g no c e l l u l a r s t r u c t u r e . Some a r e 
p y k n o t i c c e l l , l a r g e ( a r r o w ) show ing da rk 
cy top lasm and a nucleus (N) t he arrow po in t s 
t o c lumping o f chromat in a t a nuc lear pole 
w i t h f o r m a t i o n o f Pale Vacuole l i k e s t r u c t u r e 
i n the nuckus x 950 s w e l l i n g up nuc leo lus x 
950. 
F ig .70 O i l - immers i on photomicrograph, o f s e m i - t h i n , 208 
t o l u i d i n e b l u e s t a i n e d s e c t i o n f r o m t h e 
c o r t i c o l p l a t e o f c e r e b r a l c o r t e x i n m i l d l y 
z i n c d e f i c i e n t r a t f e t u s s h o w i n g A 
marcophages w i t h numerous phagocy t i c p a r t i c l e s 
i n the form o f dark g ranu les (a r row) x 950. 
F ig .71 O i l - immers i on photomicrograph, o f s e m i - t h i n , 208 
t o l u i d i n e b l u e s t a i n e d s e c t i o n f r o m t h e 
c o r t i c o l p l a t e o f c e r e b r a l c o r t e x i n m i l d l y 
z i n c d e f i c i e n t r a t f e t u s s h o w i n g A 
marcophages w i t h numerous phagocy t i c p a r t i c l e s 
i n the form o f dark g ranu les (a r row) x 950. 
F ig .72 O i 1 - i m m e r s i o n s e m i - t h i n s e c t i o n 209 
photomicrograph from the c e r e b r a l c o r t e x of 
r a t f e t u s i n m i l d l y z i n c d e f i c i e n t g r o u p 
s t a i n e d w i t h T o l u i d i n e b l u e s h o w i n g p a l e 
s t a i n e d c e l l s h a v i n g r e d u c e d amount o f 
ch romat in and a nuc leo lus ( n ) . A fragmented 
nuc leus o f a n e c r o t i c n e u r o n i s a l s o seen 
(a r row) x 950. 
F ig .73 E l e c t r o n micrograph f rom the c o r t i c a l p l a t e 209 
o f c e r e b r a l c o r t e x i n t h e a r e a s where t h e 
c e l l s were showing reduced amount o f chromat in 
( F i g . 7 2 ) . No te t h a t t h e c h r o m a t i n i s 
he te rogeneous and t h e n u c l e o l u s i s n o t w e l l 
d i f f e r e n t i a t e d . The c e l l s a r e s w o l l e n w i t h 
swo l len rough endoplasmic r e t i c u l u m (rER) x 
7750. 
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Fig.74 Oil-immersion semi-thin section photomicro- 210 
graph fromthe cerebral cortex of rat fetus in 
the region of germinal cell layer stained with 
toluidine blue showing high population of 
densely packed germinal cells x 950. 
Fig.75 Electron micrograph of the germinal cell 210 
layer of rat fetus showing cells with dark 
nucleus (N) having heterogeneous patches of 
chromatin, the nucleolus is not differentiated 
X 4350. 
Fig.76 Electron micrograph from the superfical part 211 
of intermediate zone from mild zinc deficient 
rat fetus showing different types of cells 
having heterogeneous chromatin material and a 
nucleolus x 1950. 
Fig.77 Electron micrograph from the cerebrum in the 211 
region of intermediate zone from mildly zinc 
deficient rat fetus showing different types of 
cells having a nucleus(N) with heterogeneous!y 
distributed chromatin. The nucleolus is not 
well differentiated. The dark cell (arrow) is 
an oligodendrocyte. 
Fig.78 Electron micrograph of a pyknotic neuron in 212 
the cerebral cortical plate from fnildly zinc 
deficient fetus showing dense cytoplasm and a 
nucleus (N)with a nucleolus (n). The disrupted 
nuclear membrane is also visible (arrow) x 
6000. 
Fig.79 Electron micrograph of cerebrum from the deep 212 
layer of cortical plate of mild zinc deficient 
fetus, showing neurons having a nucleus (N) 
with heterogeneous chromatin and a nucleolus 
(n) the nuclear membrane is displaying 
floccular clearing at one pole (arrow) x 4800. 
Fig.80 Oil-immersion photomicrograph of a semi-thin 213 
section stained with toludine blue in the 
region of locus ceruleus in the control dam 
showing neurons (N) having a nucleolus (n) 
surrounded by myelinated nerve fibers. A large 
number of capillaries are also visible x 950. 
Fig.81 Oil-immersion photomicrograph of semi-thin 213 
section from the region of locus ceroleus 
stained with toluidine blue in the 
experimental d^m on severely zinc deficient 
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diet, showing different types of cells having 
shrunken and pale cytoplasm (arrow) surrounded 
by neuropil (np) x 950. 
Fig.82 Electron micrograph in the region of locus 214 
ceruleus, in the control dam showing different 
types of cells. The one in the centre having 
electron dense nucleus (N) with hetrogenously 
distributed chromatin, surrounded by neuropil 
(np) on lower part of the corners of the 
picture. Part of two neurons with 
homogeneously distributed chromatin and a 
nucleolus are also seen x 13250. 
Fig.83 Oil-immersion photomicrograph of semi-thin 214 
stained section with Richardson technique from 
the ependyma covering the wall of the third 
ventricle in a dam. The ependymal cells large 
arrow are arranged on a basement membrane in a 
single row, small (arrow) showing pale 
cytoplasm and centrally placed nucleus (N)x 
950. 
Fig.84 Oil-immersion photomicrograph of semi-thin .216 
section of hippocampus (CA^) stained with 
Toluidine blue showing the granule cell layer 
(G). Deep to it lies the pyramidal (P) cell 
layer and the hilum (h)x 950. 
Fig.85 Electron micrograph of a Purkinje cell having 215 
a homogeneously distributed chromatin with 
two small nucleolei (n) lying close together 
near nuclear membrane. Arrow points to a 
number of growth cones in the vicinity of 
Purkinje cells x 13250. 
Fig.86 Oil-immersion photomicrograph from semi-thin 216 
section of the cerebellum in a dam stained 
with Richardson's technique method showing the 
highly packed dark granule cell (G) with a row 
of purkinje cell (P) layer superficial to it x 
950. 
Fig.87 Oil-immersion photomicrograph of semi-thin 216 
section in the region of hippocampus (CA3) 
stained with toluidine blue showing pyramidal 
cells (P), some of them having clear nucleolus 
(n) x 950. 
Fig.88 Electron micrograph from the region of supra 217 
chiasmatic nucleus in a Dam showing the 
presence of a neuron having a nucleus (N) with 
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homogeneously distributed chromatin and a 
nucleolus (n) surrounded by neuropil (np) the 
neuropil on the right side shows transversely 
cut (small arrow) optic chiasma fibers. Also 
seen in the line of demarcation from the 
neuropil on the left side which surround the 
neuron large (arrow) x 5750. 
Fig.89 Electron micrograph of neuroglial cells in the 218 
region of hippocampus of zinc intoxicated rat 
showing intranuclear inclusion short (arrow) 
and electron dense granules clumped up in the 
vicinity of nuclear membrane long (arrow) x 
4000. 
Fig.90 Electron micrograph at higher magnification 218 
of the electron dense material seen in Fig. 
(89) X 76000. 
Fig.91 Electron micrograph in the region of 219 
hippocampus of zinc intoxicated rat show 
presence of lipfuscin (arrow) in the form of 
different sized granuls having peripherally 
electron dense component x 62000. 
Fig.92 Electron micrograph of neuropil in the region 219 
of hippocampus of zinc intoxicated rat showing 
presence of electron dense material (arrow) 
(lipofuscin) x 62000. 
Fig.93 Electron micrograph of a myelinated nerve 220 
fiber of zinc intoxicated rat in the region of 
the hippocampus showing degenerating nerve 
fiber having disruption and separation of 
myelin lamellae with electron dense granules x 
130000. 
Fig.94 Electron micrograph of a myelinated nerve 220 
fiber in the region of hippocampus of a zinc 
intoxicated rat showing splitting of the 
myelin lamellae with a number of electron 
dense granules (arrow) x 109600. 
Fig.95 Photomicrograph from a cryostat section in the 221 
region of rat brain cerebellum showing zinc-
zincon reaction in the nucleus (Brown in 
colour) and in the cytoplasm, Nerve fiber are 
light blue in colour x 95. 
Fig.96 Photomicrograph from a cryostat section in the 221 
region of rat brain corpus-striatum, showing 
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zinc-zincon reaction in the nucleus (brown in 
colour) and cytoplasm is blue in colour x 95. 
Fig.97 Photomicrograph from a ?paraffin section 222 
showing part of cerebellum. Note the sites of 
alkaline phosphatase activity stained black in 
colour X 95. • 
Fig.98 Photomicrograph of a paraffin section showing 222 
part of hippocampas (CA^) Note the sites of 
alkaline phosphatase activity stained black in 
•colour X 95. 
Fig.99 Photomicrograph of sections of rat cereberum 223 
stained with silver nitrate (modified golgi 
technique to show the different neurons and 
their process x 95. 
Fig.100 Photomicrograph of section of rat cerebrum 223 
silver stained showing different types of 
neurons and their processes x 95. 
Fig.101 Photomicrograph of sections of rat cereberum, 224 
silver stained to show protoplasmic astrocyte 
X 250. 
Fig.102 Photomicrograph of sections of rat brain 224 
cereberum, silver stained to show fibrous 
astrocytes x 250. 
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ABSTRACT 
The importance of zinc deficinecy during embryonic 
development, and congenital malformation in the fetuses is 
well known. Anencephally and hydrocephally occur following 
'in utero' zinc deficiency in rat (Dreosti 1983). The 
importance of zinc for human health was first documented in 
1963. During the past 28 years deficiency of zinc in humans 
due to nutritional factors and several disease states have 
now been recognized. 
High phytate content of cereal protein alcoholism, 
malabsorption, sickle-cell anemia, chronic renal disease and 
chronically debilitating diseases are known to be 
predisposing factors for zinc deficiency. A spectrum of 
clinical manifestation ranging from mild to severe degree 
have now been recognized in human zinc deficiency states. 
The endogenous (feacal) zinc excretion is important for 
the zinc homeostasis at low zinc intake, whereas at high 
intake the homeostasis is regulated via absorption from the 
digestive tract (Heddie, 1990). 
Zinc is provided to organism mainly via diet. Zinc is 
required for many biological functions, including DNA, RNA 
and protein synthesis (Sandstead et al . ,^  1969) cell division 
(Taylor, 1982) and gene expression (Miller, et al. 1985 and 
Kluge 1987). It is also required for the activity of many 
enzymes in biological system. Large pools of zinc exist in 
some tissues of the body (muscle and liver), but this zinc is 
XVII 
not readily mobilized. During zinc deficiency there is either 
a small decline in the concentration of zinc in these tissues 
or no changes at all (Hurley, et. al. 1971). Severe zinc 
deficiency during pregnancy results in embryonic death, 
small fetuses and malformations (Hurley 1966), 
Sensitivity of fetuses to zinc deficiency is partly due 
to the need for zinc during neurogenesis and for normal 
formation of the central nervous system. Biochemically, the 
the teratogenicity of zinc deficiency is widely ascribed to 
impaired nucleic acid synthesis during embryonic development 
(Dreosti et al 1972) resulting in asynchrony of histogenesis 
and organogenesis for normal morphogenesis (Hurley et al 
1972). Considerable evidence suggests that diminished 
activity of the zinc dependent enzyme, thymidine kinase, may 
be an important factor responsible for reduced mitotic 
activity (Duncan et al 1975), since this enzyme is widely 
recognized to represent a rate limiting step in DNA 
biosynthesis. 
In this study it was observed that dams fed peas soaked 
in water from gestation day O failed to deliver on term 
completion. On the other hand, the dams which were housed 
along with a male produced pups at term, suggesting that the 
absence of male rats during gestation period resulted in 
mild zinc deficiency and inability of the dams to deliver at 
terms. It was concluded that mineral contents of male rat 
faeces was of vital importance for the normal development of 
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rat fetuses and for normal parturition in dam. Severe zinc 
deficiency produced in dams from gestation day 12 to term 
completion produced fetuses with skeletal abnormalities (Fig. 
6) and hydrocephaly (Fig. 8). 
The 21 to 22 day old living fetuses from control and 
experimental groups were further examined by combined 
histomorphological, histochemical, quantitative biochemical 
and ul trastructural studies. The effects of zinc 
neurotoxicity in the adult male rat were also considered by 
estimating zinc concentration in various regions of the 
control and intoxicated rat brain. Zinc-zincon reaction 
(Hasan 1977) has been utilized for histochemical 
demonstration of zinc in the rat brain. Combined paraffin 
section, plastic section and electron microscopic study of 
the some material was conducted. 
Quantitative biochemical studies indicated that zinc 
deficiency reduced the protein (Table 2) DNA (Table-3), and 
RNA (Table-4) content of the brain regions protein.The loss 
of DNA during zinc deficiency in developing fetal rat brain, 
where the cell division follows very closely upon each other, 
raises strong possibility that a mistake may occur during 
replication, the cells with wrongly replicated DNA may be 
eliminated by necrosis (Ernst, 1962). The good fixation of 
neighbouring cells in the vicinity of necrotic cells, 
however, seems to eliminate the possibility of fixation 
artifact and post-mortem autolysis. 
XIX 
In severe zinc deficiency, different types of isolated 
necortic cells were observed situated far apart from each 
other (Fig. 25,26,58), while in case of mild zinc deficiency 
necrotic cells were placed close together (Fig 68-71). 
The present study shows that the cell proliferation 
occurs in the form of mitotic cell division in the control 
and experimental fetal rat brain. Severe zinc deficiency was 
produced in dams from day 12 of gestation. In this case the 
proliferating cells in the cortex were usually in the form 
of isolated cells. As the zinc deficiency produces its 
maximum effect on pro!iferationg cells, therefore, the 
necrotic cells were located at a distance from each other. 
On the other hand, in the case of mild zinc deficiency, where 
zinc deficiency was produced from gestation day 0, the mass 
of proliferating cells was affected and caused the formation 
of large necrotic regions in the cerebral cortex of the 
fetuses (Fig. 68-71). 
Cerebellar morphology is adversely affected by severe 
postnatal zinc deficiency (Dvergsten, 1981). The number and 
migration of granule cells are also depressed. Purkinje, 
basket and stellate cells dendritic arborizations are 
deformed and suppressed and parallel fibres are decreased 
(Dvergsten 1981). 
In this study the morphology of the cerebellum was 
markedly affected the granule cell layer was differentiate 
XX 
in to outer and inner granule c e l l layer in the contro l group 
fe tuses ( F i g . 10, 12) , wh i le the ce rebe l l um f rom fe tuses 
belonging to severe zinc def ic iency group showed a uniform 
ce l l populat ion densi ty (F ig , 11, 13) po in t ing to depressed 
of m ig ra t ion of the granule c e l l s d u r i n g f e t a l r a t b r a i n 
development in severely zinc d e f i c i e n t group. 
T a b l e - 1 shows t h a t the c o n c e n t r a t i o n o f z i n c was 
reduced in a l l regions of the bra in in zinc in tox ica ted ra t s . 
Ebadi e t . a l . (1984) showed t h a t i n t r a p e r i t o n e a l 
a d m i n i s t r a t i o n o f z i n c s u l p h a t e d i d n o t s t i m u l a t e the 
synthesis of any zinc binding p ro te in in the ra t b ra in . I t 
may be concluded tha t per iphera l l y administered zinc gets 
bound rap id ly to zinc binding p ro te in and was unavai lable fo r 
t ranspor t to the CNS. U l t r as t r uc tu ra l changes of the brain 
t issue in t h i s group were marked by the format ion of e lectron 
dense bodies in the nucleus ( i n t r a nuclear inc lus ion) (F ig . 
89, 90) and s p l i t t i n g of myelin membranes w i th the formation 
o f e l e c t r o n dense g r a n u l a ( F i g . 9 3 ) . I n g e n e r a l , z i n c 
i n t o x i c a t i o n increased the f o r m a t i o n o f e l e c t r o n dense 
m a t e r i a l . ( F i g . 91,92,93). The under mentioned d i f f e r e n t types 
of c e l l necrosis were observed in z inc d e f i c i e n t getuses: 
1 . The f i r s t t y p e o f n e c r o s i s showed c o n d e n s a t i o n and 
fragmentation of c e l l s (F ig . 58) 
2. Clumping of chromatain in to large polar plaque, which is 
cha rac te r i s t i c pyknotic nuclei ( F i g . 69) 
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3. Nuclear fragmentation ( f i g . 2 2 ) 
4. Swollen c e l l w i th a nucleus hav ing reduced chromat in 
m a t e r i a l ( F i g . 7 2 ) w i t h s w o l l e n rough endop lasmic 
re t icu lum (F ig .73) . 
5. Pyknot ic c e l l ( F i g . 50) showing d i s r u p t e d nuc lear 
membrane (Fig.78) and f l o c c u l a r c lear ing (F ig .79 ) . 
6. Formation of phagocytic c e l l s ( f i g . 60, 70). 
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1 . INTRODUCTION 
What is termed as trace element includes certain 
metals, like Zinc,, Copper, Aluminium, Manganese and Cobalt 
which are found in very minute quantity in the environment. 
Environmental protection in the form of safe disposal of 
industrial waste material is one of the most important task 
of our present generation. If we change the balance of nature 
by disturbing the balance of these elements in nature it will 
not be very far to see the fruitful plants of our present 
time will turn to poisonous plants for our future 
generations. The determination of zinc bioavailability from 
various food is an important consideration in human 
nutrition. 
Trace elements also enjoyed historical recognition in 
an unidentified way-by the ancient Greeks and Romans, whose 
folklore medicine unknowingly prescribed supplementation of 
various minerals. 
Animal studies permit research which cannot be 
performed in humans and 'in vitro'. The importance of zinc 
deficiency during embryonic development, and congenital 
malformation in the fetuses is well known. Anencephally and 
hydrocephally occur following 'in utero' zinc deficiency in 
the rat (Dreosti 1983). In this study most, attention was 
focussed on the requirement of the zinc during fetal 
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development from gestat ion day 12 t o term complet ion, fo r the 
normal formation of the b ra in ,espec ia l l y the cerebellum. 
The i n v o l v e m e n t o f n e u r o l o g i c a l s i g n s , bo th 
t e ra to l og i ca l and behaviora l , w i th t race element de f ic ienc ies 
and heavy metal t o x i c i t y , served t o h i gh l i gh t the importance 
of t race elements in a neurological context . Probably best 
known h i s t o r i c a l l y would be t he e a r l y s t u d i e s on copper 
r e l a t e d e n z o o t i c a t a x i a i n sheep and t he n e u r o l o g i c a l 
c re t in ism accompanying iodine def ic iency in man. 
Of the 15 t race elements c u r r e n t l y deemed t o be 
essen t i a l , zinc has received most a t ten t ion in recent t imes. 
The a s s o c i a t i o n o f t he meta l w i t h some 50-100 enzymes 
(Che lebowsk i e t a l 1976) has ensured t h e i n t e r e s t o f 
b i o c h e m i s t s , w h i l e t h e r a p i d o n s e t o f a p h y s i o l o g i c a l 
d e f i c i e n c y ( D r e o s t i e t a l 1 9 6 8 ) , coup led w i t h t he 
comparatively low level of zinc in the average human d i e t 
(Sandstead 1973) commanded the a t t e n t i o n of n u t r i t i o n i s t s and 
hea l th p ro fess i ona l s . However, c e n t r a l t o t h i s growing 
concern was the discovery by Hurley e t al (1966) l i n k i n g ' i n 
u te ro ' zinc def ic iency in ra ts t o abnormal f e t a l development, 
espec ia l ly of the centra l nervous system, and proposal tha t a 
s im i l a r s i t u a t i o n might obta in in humans (Hurley 1968). 
Seve ra l i n d i r e c t l i n e s o f ev i dence sugges t t h a t 
d iva len t t rans i t ion-meta l ions, such as Ca"*"'', Co"*""*", Cu"*"*", 
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Fe"'"'*" or (Fe"*"'"'"), Mn"*""^  and Zn"*'"'" may play an important ro le in 
the regu la t ion of neuronal e x c i t a b i l i t y . 
The involvement of metal ions in complex processes of 
t ransmiss ion w i t h i n the c e n t r a l nervous system and t h e i r 
p o t e n t i a l r o l e i n the enzymat ic processes accompanying 
synthesis, storage and release of neurohormones i s cur ren t ly 
receiv ing increasing sc ru t iny by neuro -b io log is t . 
Zinc and Vitamin A are known to play a ro le in c e l l 
membrane s t a b i l i z a t i o n z i n c i s a l s o r e q u i r e d f o r the 
m o b i l i z a t i o n o f V i t a m i n A f r o m the l i v e r . D i e t a r y 
manipulation of both nu t r i en t s leads to te t ra togen ic e f fec ts 
i n a n i m a l s and subsequent i m p a i r m e n t o f n e u r a l tube 
development. 
1.1 A v a i l a b i l i t y 
The importance of z inc f o r human h e a l t h was f i r s t 
documented in 1963. During the past 28 years, def ic iency of 
zinc in humans due to n u t r i t i o n a l f ac to rs and several disease 
states have now been recognized. 
The high phytate content of cereal prote ins i s known to 
decrease the a v a i l a b i l i t y o f z i n c , thus the p reva lence of 
zinc def ic iency is l i k e l y t o be high in populat ion consuming 
l a r g e q u a n t i t i e s o f c e r e a l p r o t e i n s . A l c o h o l i s m , 
malabsorption, s i c k l e - c e l l anemia, chronic renal disease, and 
c h r o n i c a l l y d e b i l i t a t i n g d i s e a s e s are now known t o be 
predisposing factors for zinc deficiency. A spectrum of 
clinical manifestations ranging from mild to severe degree 
have now been recognized in human, zinc-deficiency states. 
Zinc is required for many biological functions, including DNA 
synthesis, cell division, and gene expression. It is also 
required for the activity of many enzymes in biological 
systems. Recent studies indicate that zinc is needed for 
cell-mediated immunity (Prasad 1991). 
Everyone likes to eat the foods and drink the beverages 
that taste good, or that make us feel good, at least in the 
short term. These are the foods high in sugar, fat and 
alcohol. Unfortunately, these highly processed foods are 
frequently deficient in the essential nutrients, and are low 
in or devoid of fibre. Dietary fibre is that portion of a 
food carbohydrate which can not be digested by enzymes 
secreted by the host normally present in the gastro-
intestinal tract. Vegetarians and persons consuming special 
diets must also pay strict attention to their dietary intakes 
to receive the proper balance of nutrients, energy and 
dietary fibre (Harland et al 1988). 
Unrefined cereal grains have been shown to be the best 
single food source of both dietary fibre and minerals. The 
refining of grains, essential for edibility, and desirable 
for palatabi1ity, reduces both the mineral and dietary fibre 
content of the grains. However, these grain products contain 
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anti-nutrients as well : oxalate, tannins (polyphenols) and 
phytates -- all of which may adversely affect mineral 
bioavailability. Increased dietary fibre is recommended for 
improved general health. Foods or diets high in dietary fibre 
may alter mineral metabolism, and phytate (phytic acid) 
normally present in fibrous foods is the primary cause of 
alteration of mineral metabolism, rather than the fibre 
itself. Increased dietary fibre can be achieved by the 
introduction of foods higher in phytate - fruits, vegetables 
brown bread. 
Oxalates are organic acids found in cauliflower, 
spinach, rhubarb and chocolate. Tannins, also known as 
polyphenols, are responsible for the astringest quality of 
tea and are found in certain grains such as sorghum. There is 
some evidence that if milk is added to tea before it is drunk 
the milk protein casein will bind to tannin and lessen the 
binding of minerals of tannins. Phytate, like oxalates and 
tannins is an organic compound (myo-inositol hexaphosphate) 
which occurs in all plants. Phytate is potent chelator of 
minerals and thus, it's presence in a food will strongly 
dictate the out-come of mineral associated with this 
molecules Nutritional deficiency, due to marginal zinc 
intake may be quite common even in countries such as United 
States (Sandstead 1973). In rural areas of Egypt and Iran, 
where human zinc deficiency was first identified, dietary 
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i n take of z inc appeared i n i t i a l l y t o be q u i t e adequate 
(Sarram et al 1969). In these ru ra l areas unleavened ( f l a t ) 
bread, made wi thout yeast to ra ise the dough, i s a pr inc ipa l 
pa r t of the d i e t . In l a rge r towns where yeas t l eav ing i s 
u s e d , t he i n c i d e n c e o f z i n c d e f i c i e n c y i s much lower 
suggesting an explanat ion f o r t h i s observat ion. 
As wi th Fe, Zn absorpt ion may be improved by increasing 
the consumption o f animal p r o t e i n i n the meal (Sandstrom, 
1987). Unlike Fe, Zn s ta tus in humans i s d i f f i c u l t to assess. 
There i s no r e l i a b l e biochemical marker. Due to a normally 
large endogeneous i n t e s t i n a l e x c r e t i o n o f z i n c , a t t imes 
greater than or equal t o t h a t absorbed, t h e techn ique of 
apparent balance, in which the intake of z inc i s compared 
wi th ur inary and feca l excret ion of Zn, poorly represents the 
Zn s ta tus . I t i s l i k e l y t ha t a number of ' a t r i s k ' population 
groups may be e x h i b i t i n g border l ine de f i c ienc ies which impair 
such normal f u n c t i o n s as t i s s u e g row th , wound h e a l i n g and 
cause immune d e f i c i e n c i e s . The endogenous ( f e c a l ) z inc 
excret ion is important f o r the zinc hemeostasis a t low zinc 
in take, whereas at high intake the hemeostasis i s regulated 
v ia absorption from the d iges t ive t r a c t (Heddie 1990). 
Zinc is provided to the organism mainly v ia the d i e t . 
D ie tary zinc in take may vary over a wide range , and thus 
hemeostatic adjustments i n a b s o r p t i o n and r e t e n t i o n t o 
maintain a balanced supply f o r t i ssue and organs. 
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1.2 Body content 
With the exception of the magnesium, calcium, and iron, 
the element zinc is the most abundant divalent metal ion in 
the brain, being present in concentration of about 12ug/g 
brain fresh weight (Wallork et al, 1983). 
The bone content of zinc ina240-g rat that consumes 
adequate zinc is approximately 4,200 ug and muscle content is 
6,300 ug (Giugliano et al 1984). 
The total zinc content of a normal 70 kg man is 
approximately 1.4 to 2.3 g (Widdowson et al , 1951). The 
metal is present throughout all body fluids and tissues 
(Tipton, et al 1963) and is homogeneously distributed in most 
organs. They contain about 20 to 30 ug zinc/g wt tissue. 
However, hair, the prostate, retina, and choroid of eye have 
relatively high zinc concentrations (Prasad 1979). 
1.3 Requirement 
Zinc requirement for optimum weight gain in the rat is 
about 18 ppm when the basal dietary zinc is derived from 
isolated soyabean protein. However if egg white, as the 
protein source, was used zinc required by a young rat 
approximates 12 ppm of the diet (Forbes et al 1960). Zinc (3 
ppm) available in diet is the approximate level necessary for 
the maintenance of pregnancy in rats without available zinc 
stores (Apgar 1969). 
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Inspite of large number of investigations which have 
been carried out in the field of zinc nutrition and 
metabolism during the past two decades, the requirement of 
zinc in man is, not yet, known. The National Research Council 
(1980) has recommended 15 mg zin/day for the adult human 
consuming American diet adequate in animal protein. However, 
due to the above-mentioned factors that limit the 
bioavailability of zinc from plant sources, it is expected 
that the human requirement for zinc would be higher if plants 
rather than animals were to be used as major source of 
protein. 
1.4 Clinical manifestation 
Geophagy, or the deliberate consumption of earth 
substances, is a complex and perplexing human behaviour. It 
has been generally classified as a form of pica (Danford 
1982). The most prevalent explanation for human geophagy is 
that it is a response to alleviate nutrient deficiency 
(Danford 1982 and Danford et al 1982). 
Clay is seen as one of several substances (and foods), 
the consumption of which offers positive nutritional or other 
health benefits. The concepts of craving and specific 
appetite are of secondary or no relevance in the explanation 
of geophagy. Analysis of clays consumed by people in Africa 
and central America indicated that in certain instances the 
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clay was important source of supplementary calcium, copper, 
iron, magnesium, or zinc (Hunter 1973 and Vermer 1966). 
Timothy et al (1991)be!ieve that geophagy plays a useful 
role in its proper context and should be appreciated as a 
normal human behaviour. In traditional societies, it is 
usually a non-pathologic activity that in appropriate 
circumstances can contribute to human health. Like any 
behaviour, it can be inappropriate when engaged in, out of 
context or to excess. 
Moderate or mild deficiency of zinc is widespread 
worldwide (Prasad 1976 and Sandestea 1973). Dietary zinc 
deficiency in the rat produces atrophy of the testis and 
hyperplasia of the oesophageal mucosa (Foil is, 1959 and 
Millar et al (1958). 
Hypogonadal dwarfism is rare. It is reported in 
Egyptian and Iranian children who mature on a diet poor in 
animal protein and high in phytate, a combination that, 
presumably, maintained chronic zinc deficits (Prasad et al 
1961). In addition to hypogonadism and dwarfism, the 
children have hepatosplenomegaly, iron deficient anemia, and 
often exhibit geophagia. 
Adults who have become zinc deficient over periods of 
week to months typically develop skin rashes. The rashes are 
similar to those seen in acrodermatitis and are described as 
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popular erythematous eruptions, appearing initially on ala 
nasi and around the lips. Next these lesions extend to the 
scrotum and the perianal regions, and later to the joints of 
the hands and feet and the scalp, usually with some loss of 
hair (Okada et al 1976). 
Zinc deficiency may also lead to disturbances of smell, 
taste and vision. A new syndrome of idiopathic hypogeusia 
with dysgeusia and dysosmia, (Henkin 1971). Regarding vision, 
recent work has demonstrated that an important relationship 
exists between zinc and vitamin A. Zinc may be required for 
the proper functioning of the rods, cones and optic nerve 
(Russell et al 1983). 
Zinc deficiency has also been implicated as a cause of 
poor wound healing after surgery (Burch et al 1976; Henkin 
1974). 
Neurological symptoms associated with deficiency or 
toxic overdose of these ions frequently include convulsion 
(Prasad 1978). 
1.5 Toxicity 
Three forms of t o x i c r e a c t i o n s t o z i nc have been 
r e p o r t e d i n human b e i n g s . F i r s t m e t a l - f u m e - f e v e r 
character ized by pulmonary man i fes ta t ion , has been reported 
to occur in i ndus t r i a l workers exposed to fumes. The second 
type of t o x i c i t y was observed in a 16-year-old I ran ian boy 
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who ingested 12 g zinc sulfate over a period of 2 days. The 
third type of acute toxicity involved a patient with renal 
failure after hemodialysis (the water for hemodialysis was 
stored in galvanized tank). The patient suffered from nausea, 
vomiting fever and sever anemia vomiting, a protective 
phenomenon occurs after ingestion of large quantities of 
zinc. In fact 2 g zinc sulfate has been recommended as an 
emetic. 
The signs and symptoms of human zinc toxicity include 
dehydration, electrolyte imbalance, abdominal pain, 
incoordination. Acute renal failure, caused by zinc chloride 
poisoning, has also been reported. The symptoms occurred 
within hours of ingesting large quantities of zinc. Death is 
reported to have occurred after ingestion of 45 g of zinc 
sulfate. 
High zinc diets fed to rats produced various effects on 
tissue zinc levels (Huber et al 1970). Some tissues, such as 
liver, kidney, bone and pancreas accumulate zinc in excessive 
amounts, while muscle, skin, and spleen maintain their 
normal zinc concentration. 
Large amount of zinc interferes with the assembly of 
microtubuli and causes the formation of supramolecular 
structures, both 'in vitro' and 'in vivo' (Kress et al . , 
1981). 
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I n t r a c e r e b r o v e n t r i c u l a r i n j e c t i o n of z inc led to 
epi lept ic seizures in experimental animals, possibly caused 
by i n h i b i t i o n of the Na"*", K"*" - ATPase (Donaldson et al . , 
1971). 
1.6 Zinc deficiency and development 
Impaired hemostasis is one of the many sign of zinc 
deficiency in rat. Pregnant rats deprived of zinc during the 
gestation period exhibit dystocia and excessive blood loss 
occurs at parturition (Apgar 1968), along with prolonged and 
difficult parturition. 
Zinc deficient rats exhibit impaired hemostasis, a 
pathological sign related to defective platelet function 
(Michelle et al 1990). 
When female rats were fed a diet severely deficient in 
zinc from the beginning of pregnancy, the concentration of 
zinc in the plasma fell rapidly, after only 1 day of the 
deficient regimen, plasma zinc fell by approximately 38X 
(from 96 to 60 j^g/100 ml) and a plateau was reached at about 
30 ^g/100 ml after 14 days (Dreosti et al 1968). Hurley et 
al, (1971a) have shown that there is insufficient maternal 
zinc mobilization to support normal development of embryos. 
Zinc deprivation, during pregnancy decreased the 
concentration of bone zinc slightly, but had no effect on 
liver concentration, although the weight of liver decreased. 
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Hurley et al (1971b), have shown thdt, when a zinc 
deficient diet was fed to female rats throughout gestation 
(days 0 to 21), surviving full-term fetuses had less than 
half the normal body weight and nearly all showed gross 
congenital malformations affecting every organ system. Short-
term deficiencies of dietary zinc during embryonic 
development were also teratogenic. For example, with a 
maternal dietary deficiency from day 6 to 14 of gestation 
(only 8 days) nearly half the young were malformed at term 
when zinc intake was insufficient (Dreosti et al 1968). The 
maternal organism is apparently unable to mobilize body 
stores of zinc to meet the needs of developing embryos 
(Hurley et al 1971a and 1972). These experiments exemplify a 
situation in which pregnant mammals fail to protect their 
embryos from a nutritional deficiency although they have 
stores of nutrients in their body. This behaviour differs 
from many other situations in which the embryos draw from the 
maternal tissue stores in case of dietary deprivation. Apgar 
(1969) has shown that, after 4 weeks on a low zinc diet (<1 
ppm), the number of female rats that would mate was greatly 
reduced. Addition of 2.3 ppm zinc to the drinking water 
resulted in mating of all rats. If zinc was removed on the 
day sperm was found, only half of the females were pregnant 
on day 8, and all of them had completely resorbed their 
fetuses by day 21. If the deficient females were given 
progesterone and estrogen from day 4 to 21 , all of them were 
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pregnant on day 8, and half of them were able to maintain 
pregnancy to term. If the females were maintained on 3 PPm 
zinc throughout gestation, pregnancy was maintained and the 
zinc content of the fetuses was as high as that in fetuses of 
females receiving 50 ppm, zinc. An unexpected result of the 
administration of progesterone - estrogen to the females 
receiving 3 ppm zinc was the increased fetal mortality, where 
there had been no fetal mortality between day 8 and 21 in the 
females receiving 3 ppm zinc and no hormone therapy. Since 
females receiving 50 ppm zinc plus hormone therapy had a 
greater fetal survival (almost 70%) than did the females 
receiving the hormones and only 3 ppm zinc, zinc may be 
required for the metabolism of excess hormone. High levels of 
progesterone have been reported to cause fetal deaths in rats 
(Moore 1961). 
Zinc deficiency is associated with growth retardation 
and hypogonadism (Sanstead et al. 1967; Mahajan et al. 1982; 
Prasad 1982 a,b), reduced secretion of growth hormone (GH) 
and testosterone but increased of luteinizing hormone (LH) 
and follicle - stimulating hormone (Millar et al. 1960; Lei 
et al . 1976 Root et al (1979). The thyroid axis of zinc 
deficient animals is also altered (Morley et al. 1980). These 
effects of zinc may be manifested at one or more 
endocrinological regulatory sites i.e. testes, hypothalamus 
or pituitary. Evidence exists that zinc may directly inhibit 
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basal p ro lac t i n ( P r l ) secre t ion from the an te r i o r p i t u i t a r y 
gland (Bel la La et a l . 1973) and d i r e c t l y decrease Pr l and GH 
release from p i t u i t a r y secretary granular (Lorenson et a l . 
1983 a, b ) . 
Zinc could i n h i b i t Pr l re lease by a l t e r i n g membrane 
s t a b i l i z a t i o n t h r o u g h d i r e c t b i n d i n g t o c e l l membrane 
p ro te ins . A l t e r n a t i v e l y , zinc may d i r e c t l y a f f e c t secretory 
granules s ince i t i n h i b i t e d P r l and GH re l ease from a 
p r e p a r a t i o n o f i s o l a t e d p i t u i t a r y s e c r e t o r y g r a n u l e s 
(Lorenson et a l . 1983 a ,b ) . This e f f ec t may be mediated by an 
a c t i o n on s p e c i f i c g r a n u l a r membrane p r o t e i n or by 
i n h i b i t i n g the i n t r a g r a n u l a r c o n v e r s i o n o f t h e l a r g e 
ol igomeric hormone molecules to the monomeric form in which 
they are released. 
I t i s o f i n t e r e s t t h a t CNS z i n c c o n c e n t r a t i o n 
f l uc tua tes during the estrous cyc le and mensturation (Merriam 
et al 1979 Kishi e t a l . 1982), but whether these changes are 
re la ted to an te r io r p i t u i t a r y f u n c t i o n , remain unclear. 
I n humans made s e v e r e l y z i n c d e f i c i e n t by 
a d m i n i s t r a t i o n of la rge amounts o f d i e t a r y h i s t i d i n e , a 
va r ie ty of neuropsychological abnormal i t ies occured (Henkin 
e t al 1975). 
During the l a s t severa l y e a r s , the e f f e c t s o f f o l i c 
acid and zinc def ic iency on the out come of pregnancies has 
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aroused much interest, sometimes with conflicting results. 
Some workers have demonstrated a positive connection between 
folic acid deficiency and obstetric complications (Hibbard, 
1964; Streiff et al 1967) while others seem to doubt it 
(Pritchard et al 1969 and Rothman 1970; Speidel 1973). Some 
doubts also exist as to the effects of zinc on the outcome of 
pregnancy. Thus while some authors have shown positive 
connection (Hunt et al., 1984; Simmer et al 1985), others 
question this relationship (Swanson et al 1987). 
1.7 Zinc «md Brain Development 
It has been suggested that zinc plays a key role in the 
structure and function of biomembranes (Bettger et al 1981). 
The requirement for zinc in fetal rat brain development was 
first reported by Hurley et al (1966). Congenital 
malformation associated with an induced zinc deficiency 
included hydrocephaly and gross brain defects. 
Zinc restriction during early neurogenesis appears to 
affect the development of many derivatives of the primitive 
neural tube and defects include agenesis and dysmorphogenesis 
of the brain, spinal cord, eyes and of the olfactory tract 
(Hurley, et al 1972). 
In studying the effects of zinc deficiency on growth 
and development, attention must be given to the effect of 
secondary inanition. Paii—feeding or paired weight gain 
experiments are of value in distinguishing between primary 
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effects of zinc deficiency and secondary effects of reduced 
food intake. There is considerable evidence that malnutrition 
during infancy and early childhood inhibits maximum mental 
development of an individual. To understand better the 
influence of nutrition on mental processes, investigation of 
the changes in chemical composition and metabolism of brain 
provides useful information. Poor nutrition of rodents during 
the prenatal or neonatal periods (or both) at the time of 
most rapid brain differentiation, and growth, changed the 
chemical composition of the brain (Zamenhof et al. 1968). 
Even during the post-weaning period, nutritional deprivation 
caused reductions of ribonucleic acid (RNA), protein and 
lipids, indicating aberrant metabolism of these components of 
brain (Guthrie et al 1968). Although the concentration of 
total zinc in the brain was normal in zinc deficient rats, 
the high uptake of ^ Zn by these brains may reflect that a 
functional deficiency of this element increased uptake of 
zinc in a tissue of a deficient animal even though total zinc 
content of that tissue was normal (Robert et al. 1969). 
In humans, unlike in animals, a direct causal 
relationship has not yet been established between zinc 
deficiency and brain dysmorphogenesis. Nevertheless, all 
current evidences suggest that the developing human fetus is 
no less vulnerable to zinc depletion than are the offspring 
from other species, and tentative associations have been 
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drawn betwen various brain terata and zinc deficiency by 
several workers in a number of countries. 
Damyanor (1971) and Severetal (1973) have reported 
anencephalus in middle east, Cavdar et al (1980) in Turkey 
Stewart et at (1981) in USA and Soltan et al (1982) in 
Britain. Myelomeningocoele was reported by Jameson (1976) in 
Sweden. Spina bifida (Bergmann et al 1980), exencephalus and 
microcephalus (Hurd et al 1983) have also been reported. 
Disturbed zinc status in man has been associated with 
several established disorders of the central nervous system. 
Reduced zinc level is associated with dementia (Burnet 1981), 
depression (McLardy 1975). mental retardation (Pihl RO et al 
1977), schizophrenia (Pfeiffer 1972), fifth-day fits 
(Goldberg 1982). While increased zinc status is associated 
with, epilepsy (Barbeau et al 1974) and Pick's disease 
(Constantinidis 1981). 
Joseph et al (1974) have shown that in maternal zinc 
deficiency from day 18 of gestation and/or throughout 
lactation, resulted in reductions in pup body, brain, weights 
at birth. Zinc deficiency and throughout the suckling period 
when compared with pup from dams fed a diet adequate in zinc 
yet restricted in the amount consumed also caused reduction 
in brain weight. The concentration of glutamic dehydrogenase 
(GDH) was unchanged, and no differences in the concentration 
of brain zinc were detected. A significant reduction in 
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2 ' , 3 ' - c y c l i c Nucleotide 3'-phasphohydrolase (CNP) was found, 
which impl ied a delay in mye l ina t ion . 
When a z i n c - d e f i c i e n t d i e t was g i v e n t h r o u g h o u t 
gestat ion to female rats fed a marginal ly z i nc -de f i c i en t d i e t 
from weaning to mating, 54%. of the implantat ion s i t e s were 
resorted and 9956 of the t o t a l s i t e s were a f fec ted . Of the 
young l i v i n g a t t e r m , 98X e x h i b i t e d g ross c o n g e n i t a l 
mal format ions i n v o l v i n g a l l organ systems (Hur ley e t a l 
1966). Transmission e l e c t r o n m ic roscop i c s tudy o f z inc 
d e f i c i e n t 1 1 - d a y - o l d r a t embryos r e v e a l e d severe 
n e u r o e p i t h e t i a l c e l l d e a t h , and d i s r u p t e d c e l l and 
mitochandria membranes in some l i v i n g c e l l s . The support ing 
mesenchymal t i s s u e was less a f f e c t e d . On the o t h e r hand, 
hypervi taminosis A exerted i t s teratogenic assault mainly on 
mesenchyme, w i th a lesser i n s u l t on neuroepithelium abut t ing 
the lumen. Ce l l death was common and severe s w e l l i n g and 
breakdown of mitochondrial membranes was observed in many 
l i v i n g c e l l s . (Joschko e t a l , 1988) . D e f i c i e n c i e s of both 
zinc and v i tamin E are te ra togen ic in animals, inc lud ing 
defects in the development of neural tube. Both substances 
func t ion in c e l l u l a r an t iox idant defence mechanisms and in 
membrane s t a b i l i z a t i o n . Transmission e lect ron microscopy of 
the 11 day o ld v i t am in E d e f i c i e n t embryo revea led c e l l 
death, P r imar i l y in the mesenchyme but also in the neural 
t u b e . ( H a r d i n g e t a l . , 1 9 8 6 ) . D u r i n g f o e t a l and e a r l y 
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neonatal l i f e , mammals have elevated concentrat ions of copper 
and zinc in t h e i r l i v e r (Mason e t a l 1981). This zinc and 
copper could be stored to provide these essent ia l elements to 
the developing animals or the metals may be sequestered in a 
non-toxic form u n t i l the l i v e r has matured s u f f i c i e n t l y to 
dispose of the surp lus . Much of the copper and zinc is found 
associated w i t h the low molecu lar we igh t c y s t e i n e - r i c h 
p r o t e i n s , m e t a l l o t h i o n e i n s . Z inc d e f i c i e n c y has profound 
e f f e c t s on b ra i n f u n c t i o n of both humans and exper imenta l 
animals ( P f e i f f e r e t al , 1982). Severe z i n c d e f i c i e n c y , 
dur ing the f i r s t t h i r d of g e s t a t i o n , produces congen i t a l 
malformations a f f ec t i ng many systems, inc lud ing the central 
nervous system in r a t o f f sp r ing (Hurley e t al 1971 and 1972). 
Severe zinc d i f i c i e n c y during the l a t t e r t h i r d of pregnancy 
or f rom b i r t h t o weaning causes subsequen t b e h a v i o r a l 
abnorma l i t i es in n u t r i t i o n a l l y r e h a b i l i t a t e d o f f s p r i n g s 
(Caldwell et a l , 1973 and Peter 1978). 
O v e r a l l , the pa t t e rn of e a r l y b r a i n ma l fo rma t i ons 
appears t o be c o n s i s t a n t w i t h i m p a i r e d m i t o s i s d u r i n g 
embryonic development, and the involvement of zinc in c e l l 
d i v i s i on o f f e rs an acceptable mechanism to account fo r the 
wide range of abnorma l i t i es seen i n the b r a i n s o f z i n c -
de f i c i en t fe tuses . Record, e t al (1979) have shown tha t the 
a c t i v i t y of thymidine kinase f e l l more in the brain (53%) 
than in l i v e r (34%) of z inc d e f i c i e n t 2 0 - d a y - o l d f e t u s e s , 
when compared w i th r es t r i c t ed - f ed c o n t r o l s . 
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Zinc is essent ia l f o r DNA, RNA and p ro te in synthesis 
(Sandstead e t a l 1969 and Fosmire e t a l 1977) . These 
func t i ons i n f l uence neuron p r o l i f e r a t i o n and m a t u r a t i o n . 
P r e n a t a l z i n c d e f i c i e n c y i s a s s o c i a t e d w i t h impa i red 
thymidine kinase a c t i v i t y and depressed i n c o r p o r a t i o n of 
thymidine in to the neural crest (Dreost i e t al 1975). Zinc 
def ic iency during the l a te r par t of pregnancy resu l ts in a 
decreased in bra in DNA (Mc Kenzie e t a l . 1975) which is a 
r e f l e c t i o n of a decrease in c e l l number (Dvergsten 1981). 
Axonal t r a n s p o r t ' i n v i t r o ' has been shown to be 
increased by the add i t i on of zinc (Edstrom et a l 1975). Zinc 
a lso appears necessary f o r neura l m i c r o t u b u l e and t u b u l i n 
synthesis and assembly (Gaskin e t al 1977 and Kress et al 
1981). Cerebellar morphology i s adversely a f fec ted by severe 
postnatal zinc def ic iency (Dvergsten 1981). The number and 
m ig ra t ion of granu le c e l l s are a l so depressed . P u r k i n j e , 
basket and s t e l l a t e c e l l dend r i t i c a rbor i za t ions are deformed 
and suppressed and p a r a l l e l f i b r e s are decreased (Dvergsten 
1981). 
1.8 Zinc and Calcium 
Hu r l ey e t a l (1972) have shown t h a t a combined 
def ic iency of zinc and calcium resul ted in la rger l i t t e r s , 
fewer malformed fetuses and fewer resorpt ion than in a group 
of rats that were fed a d i e t d e f i c i e n t only i n z inc. They 
suggest tha t the greater breakdown of bone caused by calcium 
22 
insufficiency also increased the availability of skeletal 
zinc. Similarly, by restricting the intake of pregnant rats 
fed a zinc deficient diet, resorption and malformed fetuses 
were fewer than when the zinc-deficient, diet was fed ad 
libitum, suggesting that tissue catabolism was induced early 
in pregnancy, thus providing zinc released during this 
process to developing fetuses (Masters 1985). 
1.9 Zinc and cadmium 
Keun et al (1988) have shown that short term cadmium 
administration did not influence level of zinc and copper or 
zinc bound to putative metallothionein fraction in rat liver. 
However, longer term administration of cadmium eventually 
resulted in an increase in the amount of zinc associated with 
metallothionein. 
1.10 Zinc and copper antagonism 
Among the biological interaction seen with excessive 
dietary zinc is the antagonism and reduced uptake of copper 
(Van Campen, 1966). High zinc concentration can, therefore, 
exaggerate or induce copper deficiency. Anemia, dermatosis, 
depressed growth rate, neutropenia and lymphopenia are common 
clinical signs of a copper deficiency in many species 
(Maynard, et al 1956). Zinc in excess of the minimum daily 
requirement may lead to depletion of copper stores and even 
clinical copper deficiency (Prasad et al 1978). So it has 
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been recommended that daily doses should not exceed 45 mg 
(Sandstead 1978). Zinc is also know to compete with iron, 
cadmium and lead (Brewer 1983, Brewer et al 1987). 
1.11 Protective action of zinc on lead toxicity 
Dilts et al (1979) have shown that lead toxicity is 
associated with failure in human reproduction. High levels of 
ingested lead during pregnancy resulted in reduced maternal 
food intake and maternal fetal weight gain and increased 
fetal wasting. Dietary zinc provided protection for the fetus 
but not the dam. 
1.12 Zinc status and Immunity 
Zinc appears to play an important role in immune 
function. Animals with severe zinc deficiency may exhibit 
atrophy of the thymus and lymph nodes (Allen, et al 1981). 
Similarly, thymic atrophy has been noted in malnourished and 
zinc deficient children. This has been reversed with zinc 
repletion (Golden et al 1977). 
The immunocompetence of animal species has also been 
shown to be intimately connected to zinc status (Luecke et al 
1979). While a zinc deficiency generally results in an 
immunologically impaired organism, few studies have been 
reported concerning the effects of exposure to elevated 
dietary concentration of zinc (Michael et al 1983). 
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1.13 Stressors and zinc 
Stressors such as infection, inflammation and trauma 
induce biochemical and endocrine changes within the body that 
have been collectively called an acute phase response 
(Dinarello 1984 and Pepys et al 1983). Plasma trace mineral 
concentrations are altered during an acute-phase reaction. 
Plasma zinc and'iron concentrations increase. Serum ferritin 
and ceruloplasmin concentrations also increase in response to 
stress these changes may constitute an adaptive mechanism 
wherein tissue repair, immune reactivity, and resistance to 
infection are promoted (Cannon et al 1986 and Liesen et al 
1977). Prolonged physical and psychological stress produce 
changes characteristic of an acute-phase responses. Plasma 
zinc, iron and selenium decline (Anita et al 1991). 
1.14 Zinc and Cell division 
The trace metal zinc (Zn) performs an essential role in 
normal cellular homeostasis, both 'in vivo' and 'in vitro' 
(Chvapil, et al 1977). Zinc likewise occupies an important 
position in the regulation of cell growth and division 
(Taylor, 1982). Biochemically, the teratogenicity of zinc 
deficiency is widely ascribed to impaired nucleic acid 
synthesis during embryonic development (Dreosti et al 1972). 
Considerable evidence suggests that diminished activity of 
the zinc-dependent enzyme, thymidine kinase, may be an 
important factor responsible for reduced mitotic activity 
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(Duncan et al 1975), since this enzyme is widely recognized 
to represent a rate-limiting step in DNA biosynthesis. 
The growth rate of the rapidly 'Ehrlich ascities cell-
line' in mice is directly correlated with host zinc content. 
The quantity of zinc in the bathing ascities fluid determines 
the rate of uptake and incorporation of thymidine into the 
replicating DNA required for cell proliferation. Tumor cells 
were capable of withdrawing zinc from the liver. (Minkel et 
al 1979). Availability of zinc in the ascities fluid was 
closely correlated with the DNA replication process. Both 
["^ H] thymidine uptake and its incorporation into DNA was 
inhibited by a deficiency of zinc (Saryan et al 1979). 
1.15 Zinc and Alcohol 
Alcohol has been reported to enhance iron absorption, 
and there appears to be a good correlation between hepatic Fe 
levels and consumption of alcoholic beverages. Conversely, it 
has been demonstrated that alcohol increased urinary zinc 
excretion, which has led to the suggestion that a high intake 
of alcohol might lead to Zn deficiency (Carey et al 1971) and 
patients with alcoholic cirrhosis (Kahn et al 1965; Mills et 
al. 1983). Testes were the first tissue to show a reduction 
in Zn concentration in rats fed on a Zn-deficient liquid diet 
containing ethanol , (Ahmed et al 1982). Alcohol-induced 
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hepatic damage is a major determinant of urinary zinc 
excretion, since hepatic disease is accompanied by increases 
in urinary Zn excretion (Helwig et al . 1966). Alcoholic 
beverages and ethanol alone can effect Zn and Fe metabolism. 
(Susan et al 1988). 
The extent and nature of possible reversibility of 
alcoholic brain damage is of considerable importance. 
Available data suggest that abstinent chronic alcoholics may 
recover significantly from both cerebral atrophy and 
cognitive deficits (Artmann, et al 1981; Ron, 1982). The 
hippocampal formation is vulnerable to the effects of chronic 
ethanol exposure. Previous research has provided quantitative 
evidence that chronic ethanol treatment (GET) produces 10-
30X loss of both CA1 pyramidal and dentate gyrus granule 
cells in the rodent hippocampus (Irle, et al 1983, 
Lescaudron, et al 1985, Walker, et al 1981) GET is likely to 
produce a complex sequence of changes, including cell loss, 
differentiation and synaptic reorganization. The surviving 
neurons will likely obtain new targets for their projections 
and or receive additional afferents to replace those which 
were lost. Thus, it is likely that destructive and 
compensatory changes occur simultaneously during GET and that 
furhter reorganirational or regenerative changes may occur 
during ethanol abstinence (Michael et al 1988). 
27 
1.16 Zinc deficiency in fetal alcohol syndrome (FAS) 
The mechanisms underlying the teratogenic effects of 
ethanol is unknown. One hypothesis is that ethanol functions 
as a teratogen by inducing a state of maternal/fetal 
nutritional deficiencies as a result of primary and/or 
secondary malnutrition (Lieber, 1982). 
One class of nutrients that can be affected by ethanol 
consumption is essential trace elements. In recent years, 
abuse of ethanol has been reported to produce deficiencies of 
zinc, magnesium, phosphate and iron (Hurley, 1977 and Altura, 
1986). Zinc deficiency has been reported to be one 
manifestation of alcoholic liver disease (McClain, et al 
1983). In addition, ethanol administration unrelated liver 
disease has been shown to decrease zinc absorption in 
experimental animals (Antonson, et al 1983). Flynn and Co-
workers (1989) have reported that there is inverse 
relationship between maternal plasma zinc concentrations and 
the expression of FAS in humans. Assadi et al (1986) have 
reported low plasma zinc levels and hyperzincuria in FAS 
infants. 
Studies of zinc deficiency in experimental animals have 
shown a strong positive correlation with abnormal fetal 
development and epidemiological studies have indicated that 
maternal zinc deficiency may result in abnormal development 
in humans (Keen, et al 1987 and Hurley, 1981). Zinc 
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deficiency does not have to be severe to result in 
developmental defects. Even a mild deficiency of zinc in rats 
and monkeys is teratogenic, resulting in fetal growth 
retardation and skeletal defects (Leek, et al 1988). The 
molecular explanation for the abnormalities seen as a result 
of prenatal zinc deficiency is unknown, however, zinc has 
been reported to be required for fetal DNA and protein 
synthesis. Brain microtubule polymerization and membrane 
stabilization and protection of fetal membranes from free 
radical damage (Keen, et al 1987 and Hurley, 1981, and 
Dreosti, 1987) Therefore, it is likely that the structural 
lesions associated with prenatal zinc deficiency arise 
through a variety of mechanisms. 
FAS is associated with a wide spectrum of abnormalities 
in the infant, including growth retardation, anomalies of 
face, heart and genitalia and mental deficiencies (Lemoine, 
et al 1968 and losub, et al 1985). In addition defects in the 
cardiovascular, skeletal, urogenital and immune system are 
frequently observed in FAS (Rosett, et al 1983). 
Children with foetal alcohol syndrome (FAS) can be 
identified by three characteristic features mental 
retardation, craniofacial malformations and growth 
retardation marked by microcephal1y (Lemoine et al 1968, 
Apgar et al , 1973). In fact prenatal exposure to alcohol is 
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a principal cause of mental retardation in the United States 
of America (Abel and Sokol, 1986). 
Sheri , et al (1988) have show that ethanol-i nduced 
fetal zinc deficiency does not seem to have a role in the 
production of gross structural malformations associated with 
fetal alcohol syndrome when adequate zinc is provided in the 
diet. 
1.17 Zinc binding proteins 
The symptoms of zinc deficiency or zinc toxicity have 
not been causally related to alterations in any of zinc 
metalloenzymes. Zinc levels of most tissues are maintained 
during the feeding of zinc deficient diets so that they are 
inadequate criteria for the assessment of zinc nutrition 
(Macapinalc et al 1966 Huber et al 1970). The suggestion has 
been made that under conditions of insufficient dietary zinc 
intake, growth is limited to preserve tissue zinc levels 
(Oberleas et al 1969). Exceptions to this are bone (Huber, et 
al. 1970 and Williams et al 1970) intestinal mucosa (Reinhold 
et al 1970) and serum (Wilkins et al 1972) where 
significantly decreased zinc concentration have been observed 
during zinc deficiency. Proteins that bind zinc may be 
classified into at least three major groups consisting of 
a) Metalloenzymes 
b) Metallothioneins 
c) Metalloproteins 
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As an essential substance, zinc is involved in the 
function and/or structure of at least 90 metalloenzymes. 
Mammalian metalloenzymes include carbonic anhydrase, 
carboxypeptidases, aminopeptidases, alkaline phosphatase 
alcohol, retinol, malate, lactate, glutamate and 
glyceraldehyde-3- phosphate dehydrogenses (Aggett, et al 
1979). These and other zinc metalloenzymes participate in 
numerous metabolic processes. Including the synthesis and the 
degradation of carbohydrates, lipids, proteins and nucleic 
acid (Riordan 1976). 
Metallothioneins are low molecular weight (6000), 
cystein-rich (25-30X) metal-binding proteins, which are 
involved in zinc and copper homeostasis and in cadmium and 
mercury detoxification. Peripherally administered zinc became 
bound rapidly to albumin, ^ -macroglobulin, transferrin, 
ceruloplasmin, haptoglobulin, V -globulins, and probably 
other proteins (Prasad 1979) and hence are unavailable to be 
transfered to the CNS (Itah et al 1982). 
Interestingly the intraperitoneal administration of 
zinc sulfate stimulated the metal!othionein in the liver but 
not in the brain (Itah et al 1983), and the zinc deficiency 
state altered neither the concentration of zinc (Wallwork, et 
al 1983) nor that of the zinc-binding protein in the brain 
(Ebadi, et al 1983). There is no reason to believe the 
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mechanisms involved in the homeostasis of zinc in the 
peripheral organs and in the central nervous system are 
identical. In the absence of any known function Ebadi et al 
(1984), postulated that in the CNS, zinc binding proteins not 
only do function as physiological donors of zinc to zinc 
apometalloenzymes, but also by their inducibility many play a 
decisive role in avoiding CNS toxicity by preventing the rise 
of free zinc ions shown to be so deleterious. 
Metallothionein (MT) is a copper-and zinc-binding 
protein present in most, if not all, tissues of higher 
eukaryotic species of animals. The two most widely proposed 
functions for MT are a role in detoxification of excess level 
of copper and zinc and a role in copper and zinc homeostasis. 
(Bremner, 1987a and Kagi et al 1988). Acute or chronic 
exposure to high levels of either of these two metals leads 
to the accumulation of copper-and zinc-MT in various tissues. 
A cessation of exposure to excess levels of copper and zinc 
results in concomitant loss of tissue metal and MT-bound 
metal (Bremner, 1987b and Whanger, 1982, and Bremner, 1987a) 
Thus, when copper and zinc levels exceed a certain threshold 
they are retained by MT in what is presumed to be a non-toxic 
form until such time as these metals, can be cleared from the 
tissue (Bremner, 1987b, Hamer, 1986). 
An alternative function for MT in copper and zinc 
homeostasis has been proposed that encompasses a role in the 
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regulation of such processes as hepatic storage, intestinal 
absorption and renal excretion of copper and zinc (Cousins, 
R.J. 1985 and Dunn, et al 1987). Organs such as liver, 
kidney, intestine and pancreas, which play impotant roles in 
general nutrient homeostasis, actively synthesize and 
accumulate zinc and copper-thioneins. The levels of MT, as 
well as the amount of bound copper and zinc, change 
dramatically in fetal and neonatal liver during the course of 
development (Webb, 198.7). It has been proposed that elevated 
levels of MT might have a function in providing a temporary 
storage site for copper and zinc required later in 
development for the synthesis of new tissue mass (Webb, 
1987). Alternatively, the accumulation of copper and zinc 
bound to MT in fetal hepatic tissue may result from a delay 
in the development of normal export pathways for these 
metals from the liver, such as via biliary excretion or the 
syntehsis and secretion of plasma metalloproteins (Webb, 
1987). 
The key of establishing a direct role to MT in zinc and 
copper homeostasis involves the demonstration that the metal 
bound to MT can be utilized for normal cellular functions 
such as the formation of active metalloenzymes. To date, this 
evidence has been accumulated exclusively in vitro (Kagi, et 
al 1979 and Hamer, 1986 Kagi, et al 1988). The newly 
synthesized thionein binds with the excess metals, reducing 
the level of free metal ions and effectively reducing the 
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stimulus to additional thionein synthesis. In this way, the 
amount of intracellular free zinc or copper is maintained at 
levels compatible with normal cellular requirements. Zinc 
bound to MT is released after degrada'tion of the protein in 
the lysosomes, while copper accumulates in the form of 
insoluble polymerized copper-rich MT. Alternatively, copper 
and zinc bound to MT could be available for direct ligand 
exchange with metalloenzymes or other metal-requiring 
proteins. There is some evidence to suggest that MT is 
secreted intact, along with its metal, from the cell 
(Bremner, 1987b). 
Chandra (1984) have shown that zinc intake of 300 
mg/day in healthy person resulted in decreased maximal 
response to phytohemagglutinin, incrased low density 
lipoprotein and decreased high density lipoproteins. 
Milos, et al (1974) have shown that, the dietary zinc 
controls lipid peroxidation only in tissue such as liver and 
the red blood cells. This may be related to the capacity of 
the tissue to retain zinc in proportional to dietary zinc 
intake. 
1.18 Zinc dependent enzymes 
Zinc is necessary for the action of about 120 enzymes 
(Jeejeebhoy, 1984). 
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1.19.1 Alkaline phosphatase 
The relationship of alkaline phosphatase to dietary 
zinc intake has been most commonly studied. Zinc deficiency 
results in lowered activities in bone (Prasad, 1971) and 
intstinal mucosa (Williauns, 1972). However, serum alkaline 
phosphatase findings are controversial (Prasad, et al 1971). 
Iqbal (1971) has shown that the food consumption of the mild 
zinc deficient group was fairly high and alkaline phosphatase 
activities in its paired-fed control were nearly like those 
in animals on standard diets. 
Feeding of high zinc diets depressed carbonic anhydrase 
activity and increased alkaline phosphatase in some tissue 
when compared to ad libiturn-fed rats. Mitochondrial glutamic 
dehydrogenase was not affected by low or high dietary zinc 
intakes in any tissue analyzed (Agnes, et al 1973). Myeline, 
formed by the spiral infolding about the axon of a membrane-
bound process, is an assembly of interacting biological 
membranes. Effects of zinc on myelin structure may be 
attributable to zinc-basic protein interactions. 
Enzymes associated with barrier tissues may modulate 
exchange between blood and parenchyma (Mrsulja et al.1979) 
Cerebral capillaries are rich in alkaline phosphatase (AP) 
gammaglutamyl transpeptidase, and Na"*", K"*", - ATPase (Betj et 
al, 80 Lidinsky et al 1983). Although no definitive functions 
for these enzymes have, as yet, been demonstrated in 
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endothelial cells, their distribution suggests that they are 
involved in transport (Spatz et al 1982; Inomata et al. 
1984). However, AP is considered an important constituent of 
the enzymatic composition of the cerebral vessels and 
consequently has been used as a marker for vessels in the 
adult brain (Bell et al. 1984). 
1.18.2 Carbonic Anhydrase 
Carbonic anhydrase appears in oligodendrocytes and 
astrocytes only 6-8 days after birth. Before this time, it is 
present only in the chroid plexus. (Roussel, et al, 1979). 
Its general function is to catalyze the hydration of 
carbon dioxide, resulting in the formation of a*proton and a 
bicarbonate ion (i.e. the ionized form of carbonic acid). 
Consequently, it plays an important role in such diverse 
physiological phenomena, such as acid secretion by the kidney 
and stomach, removal of carbon dioxide produced by 
glycolysis, and transport of carbon dioxide across 
erysthrocyte membranes. The enzyme would appear to be 
important in a variety of physiological processes involved in 
the regulation of ion exchanges and acid-base balance in the 
brain. During cerebrospinal fluid (CSF) formation, carbonic 
anhydrase in the choroid plexus provides H"*" ion to exchange 
with Na"*" ion from blood into the CSF, and it is apparently 
for this reason that inhibition of carbonic anhydrase reduces 
CSF pressure (Tschirgi et al 1954, Fishman, 1981). Other 
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funct ions a t t r i b u t e d t o g l i a l carbonic anhydrase a c t i v i t y 
include the hydrat ion of carbon dioxide produced by metabolic 
a c t i v i t y of ad jacent neurons ( G i a c o b i n i 1961) . Carbonic 
anhydrase has been reported to be lowered in bra in of z inc-
de f i c i en t ra ts ( I q b a l , 1971). 
Many n e u r o c h e m i c a l and m e t a b o l i c p rocesses are 
dependent on, or a f f e c t e d by, z i n c . The s y n t h e s i s o f the 
e x c i t a t o r y neu ro tasm i t t e r g lu tamate i s dependent on the 
a c t i v i t y of glutamate dehydrogenase-a z inc-conta in ing enzyme 
(Val lee, 1960). A lso, the a c t i v i t y of a number of enzymes 
involved in the synthesis and breakdown of -amino butyr ic 
acid are dependent on zinc (De Boer e t a l , 1979; Ebadi e t a l , 
1981). 
Zinc may be involved in the storage of biogenic amines 
in synaptic ves ic les (Colburn e t a l , 1965) and i n the storage 
of nerve growth f a c t o r - l i k e substances i n the hippocampus 
(Stewart e t a l . , 1984). 
Zinc in low concentrat ion st imulates the ra te of rapid 
axonal t ranspor t (Edstrom e t a l , 1975). But the excess zinc 
adversely a f f e c t s neuronal metabol ism and f u n c t i o n . The 
a c t i v i t i e s of glutamate dehydrogenase are i n h i b i t e d by high 
level of zinc (Ebadi e t a l . , 1981). 
Neuro t ransmi t te r syn thes i s and / o r metabol ism are 
a f fec ted by z inc d e f i c i e n c y . I n s e v e r e l y z i n c - d e f i c i e n t 
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weanling r a t s , t o t a l bra in and hippocsunpal norepinephrine is 
increased (Wallwork, e t al 1982). S i m i l a r l y , high levels of 
s t r i a t a l catecholamines were reported to be associated wi th 
behavioural changes in zinc d e f i c i e n t ra ts (Bradford, e t al 
1981). Hypothalmic catecholamine l e v e l s were abnormal in 
z i n c - d e f i c i e n t ra ts (Reeves, e t al 1981). 
Other aspects of hippocampal metabolism are af fected by 
zinc n u t r i t i o n / m a l n u t r i t i o n . I t has been reported tha t zinc 
d e f i c i e n c y causes i n c r e a s e d t a u r i n e and s u b s e q u e n t l y 
decreased • -aminobuty r i c a c i d l e v e l s i n the hippocampus 
(Barbeau e t al 1974) a c t i v i t y of -g lutamic acid dehydrogenase 
( z i n c meta l 1oenzyme) was f ound t o be d i m i n i s h e d i n 
hippocampus from 18-and 20-day-old zinc d e f i c i e n t ra t pups 
tha t were deprived of z inc from day 19 of gesta t ion to the 
time of assay (Dreosti e t a l 1981). 
R e c e n t l y , z i n c - d e f i c i e n t r a t s were shown t o have 
increased b ind ing of synap t i c l i g a n d s t o musca r i n i c and 
dopamine receptors in the cerebe l la r and s t r i a t a l membranes, 
respect ive ly (Geiger e t al 1982). 
1.18.3. Superoxide dismutase (SOD) 
Superoxide dismutase (SOD, superoxide oxidoreductase, 
is an enzyme which scavenger the superoxide radical, a toxic 
species generated by metabolic reduction of oxygen in 
respiring cells (Grankvist, 1979). This enzyme has been shown 
38 
to inhibit lipid oxidation and protect against pathologic 
changes resulting from DNA damage and protein sulfhydryl 
oxidation by the superoxide radical (Fridovich I, 1975). 
In assays of human tissues, Marklund et al (1982) and 
Westman et al (1981) found the highest level of Cu-Zn SOD 
enzymatic activity in the liver and moderately high values in 
kidney, adrenal gland, and brain. 
Neurons exhibit the most intense staining in the brain 
and have shown to be vulnerable to oxygen toxicity in mice, 
rats and dogs (Balentine 1982). Cu-Zn SOD is possibly 
maintained in the cells of this sensitive system to protect 
them against superoxide from varying oxygen tension in the 
blood as well as free radicals generated by normal cellular 
processes. 
The roles that cofactors play in influencing the 
expression, metabolism and net accumulation of their related 
proteins and enzymes is an important area of nutritional 
investigation (Tinker, et al 1985 and Rucker, et al 1986), 
SOD is often induced under conditions in which free radicals 
are generated Stevens, et al (1977) and Slater, (1984), one 
function of metal 1 othionei n is thought to be as an 
antioxidant (Thornalley, et al 1985 and Thomas, et al 1986). 
Conditions that lead to peroxidative damage often result in 
increased expression (SOD) (Fields et al 1984, Hammermuel ler 
et al 1987). 
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The failure of Swenerton and Hurley (1968) to notice 
any effect of zinc deficiency on zinc metalloenzymes in liver 
is of great interest. It is remarkable, however, that Hsu 
et al, (1966) observed reductions in liver and brain. But 
iqbal (1971) has shown that reduction in kidney and 
intestinal zinc metalloenzymes, may well be related, among 
other factors, to differences in cell turnover rates in these 
organs. 
1.19 Zinc and hippoceunpus 
Many questions concerning the accretion of zinc by the 
hippocampus remain unknown-Forexampl e, little is known 
regarding the form in which zinc is stored in the mossy 
fibers, or indeed in other areas of the hippocampus, or of 
respective functions of these metal complexes. 
Mclardy (1975) has reported that zinc levels are much 
reduced in hippocampi from alcoholic patients and that the 
granular cell layer of the dentate gyrus is abnormally thin, 
suggesting zinc deficiency may be involved pathologically in 
alcohol related mental deterioration. Of particular relevance 
in this connection is the report by Walker et al (1980) that 
in adult rats, chronic ethanol consumption led to loss of 
hippocampal pyramidal cells and granule cells in the dentate 
gyrus. Also pertinent is the observation by West et al (1981) 
that the organization of mossy fibers in the hippocampus was 
significantly altered in rats exposed to alcohol prenatally, 
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due to the appearance of an aberrant band of intrapyramidal 
fibers in hippacampal subfield CA3a. 
In the rat, most development of the hippoceunpus occurs 
during first 3 weeks postnatal ly (Altman, et al 1965). 
Functionally, the hippocampus is involved in the processing 
of memory and in the control of emotion (Sahgal 1980), 
However, little is known concerning the kinetics of zinc 
uptake by the hippocampus, especially in relation to the 
period of development when zinc accumulation is most active. 
. The co-occurence of unusual amounts of both zinc and an 
apparent NGF-:like factor in the mossy fibres suggests that 
the two substances may be physiochemically related. 
The mechanisms by which divalent metal ions exert their 
influence on neuronal function, although the subject of wide 
speculation, is, as yet, unknown. 
1.19.1 Zinc and mossy fibres 
Zinc ions may be important regulators of opioid peptide 
action in brain region where they are co-localized 
(Stengaard, 1982). Opioid peptides and zinc in the mossy 
fibres may interact in physiolocial regulation of hippocampal 
excitability. 
The mere co-localization of zinc and opioid peptides in 
mossy fibres has suggested to some investigator that there 
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may be func t iona l i n te rac t i on between them (Stengaard et al 
1981). 
Severe z inc de f i c i ency i n r a t s markedly a f f e c t s the 
e lec t rophys io log ica l repsonse of the hippocampus mossy f i b res 
to s t imu l i (Hesse, 1979). 
1.20 Zinc and Blood Brain Barrier 
Kasarskis, (1984) has shown t h a t in t raper i tonea l pulse 
o f ® Zn p e n e t r a t e v e r y s l o w l y i n t o t h e r a t b r a i n . 
In t racerebrovent r icu lar i n jec t ions o f zinc lead to ep i l ep t i c 
s e i z u r e s i n e x p e r i m e n t a l a n i m a l s p o s s i b l y caused by 
i n h i b i t i o n of Na "*", K"*" - ATPase (Donaldson et a l . , 1971). 
The concent ra t ions of z inc i n 14 r eg i ons of r a t b r a i n , 
i n c l u d i n g t h e h ippocampus, were o f t e n h i g h e r than the 
administered doses producing convulsive seizures (Ebadi I t a h , 
et al 1981). 
The mechanisms opera t ing a t t h e b l o o d - b r a i n b a r r i e r 
level on zinc uptake i n to the bra in are yet t o be determined. 
Due to low l i p i d s o l u b i l i t y of ionized substances, zinc would 
be expected t o cross the ce reb ra l c a p i l l a r i e s very s low ly 
under normal phys io log ica l cond i t i on , unless f a c i l i t a t e d by 
t ranspor t system. The f i nd i ng t ha t z inc concentrat ion in the 
mossy f i b e r region i s about 20 times higher than in plasma 
and about 100 t imes h igher than i n c e r e b r o s p i n a l f l u i d 
sugges ts t h e p o s s i b i l i t y o f a s e l e c t i v e , perhaps h igh 
a f f i n i t y uptake system. However^ one of the major problems in 
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the understanding of the effects of zinc in vivo is 
represented by our scarce knowledge of the ratio between free 
and bound zinc in the brain, as well as of the regulation of 
its homestasis. 
The blood-brain barrier presents technical problems for 
'in vivo' studies. However, there is good evidence that 
materials injected intracerebral!y are distributed throughout 
the brain a short time after injection. Opening of BBB may 
prove useful for the delivery of therapeutic agents into the 
brain. There are other potential uses eg., trace elements, or 
agents that may modify appetitive behaviours, such as hunger, 
Na appetite and thirst (Denton 1982). Blair et al (1990) have 
shown that (I) CSF zinc concentration in sheep is 
approximately one tenth of the total concentration of zinc in 
plasma. (II) Zinc administered intravenously (i.v.) was 
almost completely excluded from the CSF. (Ill) Increased 
cranial blood osmolarity or extracellular space or (ECS) 
increased CSF Zn in sheep. (IV) CSF Zn subsequently fell 
towards the low values of zinc in normal CSF. (V) The animal 
suffered no evident ill effect. It is also possible that the 
treatments also opened the BBB to protein and that some of 
zinc appearing in CSF entered with this protein. 
The reduction of CSF Zn after the peak value as well as 
indicating reduced rate of entry as the BBB closed, suggests 
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clearance o f z inc by uptake i n t o b r a i n t i s s u e . Possib ly j , 
t ranspor t out of the CSF compartment by the choroid plexus 
occurs (Kasarskis, 1984). 
Wensin e t a l (1987) have shown tha t the rate of uptake 
of ^^Zn i n t o synaptosomes i s dependent on [Zn] f r e e . In 
presence of the strong zinc binder EDTA, [Zn] f ree w i l l be 
almost zero and no ^Zn uptake i s observed. Regarding the ' i n 
v i vo ' s i t u a t i o n , zinc i s t ransported from the plasma in to the 
brain across the c a p i l l a r y endothe l ia l c e l l and/or across the 
choroid plexus. At present, no data are ava i lab le on t h i s 
mechanism of zinc t ranspor t . Once ins ide the b ra in , zinc must 
be d i s t r i b u t e d over t he b r a i n c e l l s v i a the b r a i n 
i n t e r s t i t i a l f l u i d , the composition of which i s general ly 
believed t o be i den t i ca l to t h a t of the CSF. 
Release of substant ia l amount'of zinc i n to the bra in 
i n t e r s t i t i a l f l u i d has been observed f rom the z i n c - r i c h 
hipppcampal mossy f i b r e s a f t e r neuronal s t i m u l a t i o n , both ' i n 
v i vo ' (charton e t a l ; 1985) and i n hippocampal s l i c e s . 
The b r a i n ' s r e q u i r e m e n t o f z i n c (Zn) and o t h e r 
essent ia l t race cofactors d i f f e r s both q u a n t i t a t i v e l y and 
q u a l i t i v e l y f r o m i t s need f o r m e t a b o l i c s u b s t r a t e s . 
Substrates must be immediately ava i lab le to the en t i r e bra in 
in order t o respond r a p i d l y t o changing m e t a b o l i c demands 
(Duf fy , 1982; Pappius, 1981). I n o rde r t o acheive t h i s , 
t r a n s p o r t o f t h e s e compounds i s r e g u l a t e d by s p e c i f i c 
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systems, localized to the cerebral capillary network, which 
are saturable, stereospecific, and bidirectional (Pardrige, 
1977). In contrast, micronutrient co-factors must be 
available in minute, but stable, amounts for enzyme 
activation and other functions. Moreover, their transport 
must be relatively independent of cerebral metabolic activity 
and dietary intake because of potential disruption of the 
membrane ionic milieu (Kawa, 1979). 
Zinc inhibits'the binding of glutamate, aspartate 
neurotransmitters and opioid peptides to their respective 
receptors (Stengaard-Pederson, 1982). 
Experiments by Kasarskis (1984) and Wensink et al . 
(1987) have suggested, however, that zinc homeostasis in the 
brain is more likely to be affected by a mechanism where-by 
the rate of efflux of zinc from the brain interstitial fluid 
back into plasma is the determinig factor. Moreover it was 
demonstrated that, once inside the brain interstitial fluid 
zinc is rapidly distributed over the different brain 
subcellular fraction (Wnsink et al., 1987). 
1.21 Histochemical consideration 
Both histochemical and combined histochemical electron 
microscopic studies indicate that zinc in the Ammon's horn is 
highly concentrated within the giant boutons of mossy fibres 
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that terminate at the apical dendrites of the pyramidal cells 
(Hauq, 1967). 
Histochemical staining for metals in the normal 
mammalian brain reveals their presence in a number of neural 
Pathways (Haug, 1973). In the normal rat hippocampus, 
transitional metals (eg. zinc, copper, lead) are present 
(Danscher et al 1976) in a striking series of laminae. . The 
very dense staining of one particular bundle of axons, the 
mossy fiber pathway formed by the axons of the dentate 
granule cells, is attributed to the high concentration of 
zinc that is present in the mossy fibre synaptic boutons 
(Haug, 1967, Hassler et al 1968). Hippocampal mossy fibres 
are among the most densely stained with sulfide histochemical 
methods for demonstrating heavy metals (Maske 1955). 
1.21.1 The Timm's Sulfide Method 
Timm's method detects several metals that may be 
precipitated with sulfide, but the different metals cwn n ot 
be discriminated by this method. The staining of the mossy 
fibre layer is confined to boutons. The Timm's stainable 
material in the mossy fibre boutons is generally thought to 
be zinc, whereas there is hardly any evidence, so far, on the 
nature of the Timm-stainable material associated with other 
fibre systems. 
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1.21.2 The Dithizone Method 
The dithizone method stains the whole brain. In the 
hippocampus the hilus fascia dentata and CA3 mossy fibre zone 
stain deep red. Maske (1955) showed that dithizone could 
react with many metals, e.g. manganese, iron, cobalt, nickle, 
copper, cadmium and lead. 
At high magnification dithizone stains tissues in the 
form of dense "granules" or "grains" which are distributed 
unevenly throughout the tissue. These dithizonate granules 
have been variously interpreted in the past as, for examples, 
concentration of zinc in secretory granules (Okamoto, et al 
1966) or concentration of zinc in mitochondria (Fleishhauer 
1957). However, careful work by Logothetoplous et al (1961) 
suggests that the granules are artifacts. 
1.21.3 Zinc-zincon complex 
The zinc-zincon method stains the whole brain in the 
form of uniform reaction-product. The nuclei gre light brown 
in colour, while the cytoplasm and the nerve fiber stain very 
light blue. This difference in colour is due to difference in 
physiological state of zinc in the nucleus and cytoplasm 
(Hasan 1977). 
1.22 Zinc and gene expression 
The importance of zinc-binding finger-loop domains in 
DNA-binding proteins as regulators of gene expression has 
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been recognized. The first finger protein to be recognized 
was transcription factor-IIIA of xenopus laevis, which 
contains tandem repeats of segments with thirty amino acid 
residues, including pairs of cysteines and histidines 
(Miller et al 1985 and Klug et al 1987). The presence of 
zinc in these proteins is essential for site-specific binding 
to DNA and gene expression. The zinc ion apparently serves as 
a strut that stabilizes folding of the domain into a finger 
loop, which is then capable of site-specific binding to 
double-strand DNA. The zinc finger-loop proteins provide one 
of the fundamental mechanisms for regulating gene expression 
of many protiens. In humans, the steroid hormones (and 
related compounds such as thyroid hormones (cholecalciferol 
and retinoic acid) enter cell by facilitated diffusion and 
combine with respective receptors which contain the DNA 
binding domain of the zinc finger either before or after 
entering the nucleus. Complexation of a hormone by its 
specific receptor evidently initiates a conformational change 
that exposes the zinc finger loops^ So that they bind to 
high-affinity on DNA and regulate gene expression 
(Hollenberg et al 1985 and Hughes et al 1988). 
The clinical significance of zinc fingers in hormone 
receptors was demonstrated by Hughes et al (1988), who 
analyzed the amino acid exchange at the tip of the CI finger 
loop, and in the other family there was a single amino acid 
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exchange at the top of the CI I finger loop. Evidently, both 
finger loops are essential for correct binding of the vitamin 
D receptor to its hormone response element. 
1.23 Types of cells in the central nervous system (CNS) 
The central nervous system (CNS) has a large population 
of cells in addition to neurons and macroglia, which are or 
have the potential to become, phagocytic. This group of cells 
is heterogeneous and consists of subpopulations of several 
cell types (Jordan et al 1988, Oehmichen et al 1978) each 
with its own topographic location, although some intermixing 
is possible. The cells have many functions in common but also 
may have some specific antigens and functions, and may even 
have different embryonic origins (Tsuchihashi et al 1981, Wood 
et al 1979). 
The CNS has at least five major subpopulations of 
macrophages. Microglia are scattered throughout the CNS and 
most likely represent the resident macrophages. 
Supraependymal macrophages are found on the ventricular side 
of the ciliated ependymal cells, epiplexun cells are 
associated with choroid plexuses, pericytes are distributed 
along the cerebral blood vessels and-derived monocytes/ 
macrophages; enter the CNS primarily at the site of injury, 
but may possibly also be present in small number in normal 
non-traumatized CNS. Additionally, astrocytes, 
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o l i g o d e n d r o c y t e s and ependymal c e l l may, i n s p e c i f i c 
s i t ua t i ons , become phagocytic. 
Furthermore, each of the c e l l types in the phagocytic 
ce l l subpopulations described above can appear in d i f fe ren t 
s t a t e s , r e s t i n g or f u n c t i o n a l , which are assoc ia ted w i th 
remarkable changes in the c e l l surface antigens and receptors 
for cytokines (F re i k , e t al 1988). 
Cu l tu res of a s t r o g l i a when s u b j e c t e d t o n u t r i t i o n a l 
depr iva t ion, form a large number of macrophage - l i k e ce l l s . 
This supporots the hypothesis tha t the macrophage-like ce l l s 
are of neuroectodermal o r i g i n and p robab ly correspond to 
resident mic rog l ia of the CNS. (Hao, et al 1991). 
1.24 Hydrocephaly: 
When there i s an excess volume of cerebrospinal f l u i d 
the condi t ion i s known as hydrocephalus, of which there are 
several types. External hydrocephalus, in which the excess 
f l u i d i s mainly in the subarachnoid space, is found in seni le 
atrophy of the b r a i n . I n t e r n a l hydrocepha lus r e f e r s t o 
d i l a t i o n o f t h e v e n t r i c l e s . The t e rm communica t ing 
hyd rocepha lus r e f e r s t o a c o m b i n a t i o n o f i n t e r n a l 
hydrocephalus and subtentor ia l external hydrocephalus. In 
t h i s instance, the f low of cerebrospinal f l u i d through the 
i n c i s u r a o f t h e t e n t o r i u m around t he m i d - b r a i n i s 
obstructed. 
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1.24.1 Ultrastructural changes in hydrocephaly 
Moderately increased cerebrospinal fluid (CSF) pressure 
over a period of years can lead to extreme ventricular 
enlargement and thinning of the cortex, and yet, even in the 
absence of treatment, this need not necessarily, lead to 
neurological and intellectual handicap (Lorber- 1983). Hasan 
et al (1990) have shown that hydrocephalic oedemainthe 
brain tissue is in the form of swollen astrocytic processes 
and enlarged extracellular spaces filT^ ed v^ ith fluid. 
1.24.1.1 The Neurons 
In hydrocephalic infant the neurones continue maturing 
(Hasan et al 1989a). Furthermore, the increased instance of 
growth cones and a few maturing neurones apparently stuffed 
with ribosomes clearly demonstrate that the ultrastructural 
machinery for protein synthesis and neuritic growth is not 
irreversibly damaged by the hydrocephalic oedema. 
A number of dark neurons exhibiting abundant ribosomes 
and a network of rough endoplasmic reticulum but with well 
preserved nucleus and perikaryal profiles occur occasionally. 
Some dark neurons exhibiting degenerating mitochondria and a 
number of electron-dense bodies, lysomes or lipid were also 
detected. However, many neurons were having near normal 
organelles and rough endoplasmic reticulum (Hasan et al 
1989a). 
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1.24.1.2 The capillaries 
In the microvasculature of infants with hydrocephalic 
condition there is marked quantitative increased in 
pinocytotic vesicles on the contraluminal aspect, mainly in 
pericytic processes (Hasan et al 1989b). 
Presence of numerous pleomorphic vesicles in the 
endothelium of vessels and swollen pericyte in hydrocephaly 
suggests a flow direction toward the capillay lumen in 
hydrocephalic human. These numerous pinocytotic vesicles and 
long endothelial processes protruding into the lumen (Glees, 
et al 1989) suggest that the hydro dynamic conditions in 
hydrocephalus promote an excessive fluid transport toward the 
cerebral capillary lumen. The normal brain capillaries are 
characterized by the occurence of very few pinocytotic 
vesicles (Wolff 1963). A quantitative estimate of 
micropinocytic vesicles in the pericyte processes recently 
revelaed that at times more than 10-fold increase in their 
number per square micrometre occurs in hydrocephalic oedema 
(Hasan and Glees, 1989b). 
The cerebral capillaries provide the blood-brain 
interface regulating tissue exchange. Any alteration in the 
morphology of the vessels may well influence or control 
cerebral metabolism. Vascular changes also may influence the 
volume and pressure of the cerebro-spinal fluid (CSF). 
Nakagawa et al (1984) have shown widening of the 
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interendothelial cleft between the tight junction and 
formation of interendothelial blisters. The astrocytic 
processes control transport of substances to .and from the 
nervous tissue (Wolff 1967). The three basic components of 
the capillary wall are: 1) endothelial cell 2) basal lamina 
3) Pericytes and the controvercial perivascular space. The 
perivascular space is said to be wide and irregular in the 
human embryo and early foetus (Xiang et al 1988) Glees et al 
(1967) have reported a 150-200 A wide perivascular space in 
the 10 day-old mouse embryo. Glees, (1990a) have shown that 
in hydrocephalic human infants the endothelial nuclei as well 
as surrounding perikarya are flattened or concave towards the 
lumen but occasionally the nucleus indents the latter. On the 
abluminal aspect an electron dense basal lamina is ordinarily 
visualized which shows clefts to enclose pericytes or 
processes of pericytes lying flat around the capillary wall. 
The basal lamina forms the boundary between the capillary and 
the surrounding perivasular tissues. The micro pinocytotic 
vesicles were mostly lying free in the endothelial cytoplasm. 
The vesicles were present almost in the entire capillary 
wall, from without inward. Also, the pericytes enclosed by 
thickened basal lamina, exhibited large vacuoles besides 
micro-pinocytotic vesicles, pleomorphic mitochondria and 
electron dense cytoplasm containing many microfilaments. 
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Bruns e t al (1968) have demonstrated tha t vesicles were 
capable of t ranspor t ing macromolecules when in jected into the 
c i r c u l a t i o n . The v a s i c l e s a re t h u s c o n s i d e r e d as the 
morphological equivalent of the large pore system. 
The mean t r a n s i t t i m e t a k e n by v e s i c l e s f o r 
t r a n s e n d o t h e l i a l passage has been es t ima ted by var ious 
methods to be 15 to 24 seconds (Cas ley -Smi th 1977). 
Pinocytosis i s a b i d i r ec t i ona l phenomenon (Lorber, 1983). 
F l ynn e t a l (1989) have r e p o r t e d t h a t h y d r o c e p h a l i c 
" i n t e r s t i t i a l " oedema may r e s u l t as the o b s t r u c t i o n of 
ven t r i cu la r system forces CSF in to the pe r i ven t r i cu la r areas. 
Glees (1990b) are of the opinion tha t w i th the passage of 
t ime, t h i s i n t e r s t i t i a l oedema i s , to some extent , resolved 
by the t ransendothe l ia l t ranspor t of excess f l u i d . 
1.24.1.3 Per icytes 
The p e r i c y t e s are o rd ina ry enc losed w i t h i n a common 
basal lamina w i t h the e n d o t h e l i a l c e l l s o f smal l b lood 
vescels (Rouget 1873). Per icy ta l phagocytes have also been 
reported in the cerebral microvasculature (Torack 1961 Hasan 
e t a l 1974). The presence of numerous lysosomes i n some 
pe r i cy tes suggested t h a t the c e l l s are phagocy t i c even in 
normal circumstances (Lafarga, e t a l , 1975, Glees, 1987). 
Pericytes apparently represent an intermediary stage in the 
d i f f e r e n t i a t i o n of m ic rog l ia . They can mirgate in to the brain 
t i s s u e and a q u i r e t he f u n c t i o n o f m i c r o g l i a l e lements 
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(Baldwir> e t a l 1969 Rar-«„ .. 
« ' laoa, baron e t a l •tQ7o\ n^ • 
. . «^ a i 1972). Per i cy tes appear i n 
' s ' o , " ' ' ' ' ' " ° ' v a s c u l a r i z a t i o n ( P e t e . s e t a , 
f - e n c y t e s a r e . U o c a l l e d e . t r a v a s c u l a r o r 
j u x t a v a s c u l a r m i t o t i c cel l .? u,h^ u • 
^ ^ ^ ^ ' '"'^^^'^ 9 i v e r i s e to m i c rog l i a l 
c e l l s . F u r t h e r m o r e , J e y n e s f i Q f l . . . 
^ e y n e s ( 1 9 8 5 ) showed t h a t a 
su p o p u l a t i o n o . p e M c . t e s . tHe so c a l l e . . . a n u l a r p e H c . t e s 
- unc t i on p . , . a n 1 , y as p .a .ocy tes a n . Inc rease s l . n l f l c a n t l . 
a f t e r ischemic i n s u l t . F a r r e l i O-H , , 
F a r r e l l e t a l (1987) claimed t h a t a 
great m a j o r i t y o f npnVw+«^ 
p e r i c y t e s are o f g r a n u l a r type and i f t r u e 
g r a n u l a r p e r i c y t e s do e x i s t i 
e x i s t i n human c e r e b r a l 
m ic rovascu la tu rp T ,^«w 
a t u r e . They ,„ust c o n s t i t u t e less than 5* of the 
p o p u l a t i o n . The uotako «4? ^ u • 
uptake Of d e b r i s by m i c r o g l i a would assign a 
d e f i n i t e f u n c t i o n f o r m i c r o g l i a i n t h « 
^ ' ^ ^ ^ " ^'^e no rma l b r a i n , a 
f u n c t i o n which i s no t l i m i t e d t o tho 
^"^ t ° t he removal o f dying nerve 
c e l l s o r t h e i r processes THO 
ocesses. The p e r i v a s c u l a r m i c r o g l i a l c e l l s 
a re bone-marrow d e r i v e d r r ^ m ^ ^ 
^^^^ (Cammermeyer 1970, H i c k e y e t a l 
as) These c e l l s would not have t o w a i t f o r the occurrence 
- s e c t i o n o r t rauma t o t h e n e r v o u s t i s s u e b u t wou ld 
a l r e a d y n o r m a l l y c a r r v «, .* 
' y c a r r y o u t s u c h r e m o v a l d u t i e s . The 
s p e c i a l i z e d neuron on i t s own ,'«. • 
° ^ " ^^ incapab le o f coping w i t h 
waste m a t e r i a l (G lees 1qft«;^ D 
,„ , . ' ' • ^ ' ^ ' ^ ^ ^ - " ^ ^ ^ P h a g o c y t o s i s , o t h e r 
f u n c t i o n s ass igned t o p e r i c y t e s i n ^ i w 
^ ""^^^^ i n c l u d e : t h e i r involvement i n 
- s , . , , . 3 i s Of h a s a , , a . i n a C H h o . i n , 3 e s , . o f f e r m , 
- h a n , c a , suppor t a n . s t a . l i t y t o vesse l w a l l s a n . f o r . n . 
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a protective layer between en.ctheHu. .n. interstitiu. 
<cancina et a, ,s,^,. „,,„„ ,,^^^, _^__^ ^^ ^^ ^^ ^ ^^^ 
-Pho,o.ic si.naHt.es between en.ot.elia, cens, s^ootH 
muscle cells and pericytes «nH ^  
pericytes and suggested that in times of 
functional demand pericvte<5 «,«« ^^^ 
pericytes may differentiate into smooth 
- c l e ceils. Their possible role in the defence reacting 
and antibody formation was stressed hy (Movat et al ise4). 
The morphological relationship of the pericyte to the 
capillary plays an important role in hi. H K • 
,^ ^ °'® ^" blood-brain barrier (Dodson e t a l iq7«;\ 
^'- ^ 9 7 5 ) . I n human oedema, p e r y c t i c 
. ^ c rop inocy to t i c . t ranspor t may be regarded as loss of t he i r 
a r r i e r f u n c t i o n (Hasan, e t a l i s s s b ) by f o r m a t i o n o f 
t r a n s p e r i c y t a l channe l by p rocess O-F 
_ ^ p rocess o f membrane f u s i o n 
(Casteyon . sa . ) i n Hu^an e.e^a a . . . e , a t i o n o . p i noc . t o t i c 
ves,c,es oe<ie.a on the cont.a,u™ina, aspect o . per icy tes . 
au . .es ts tna t tHe n . i . i s t ransported by tnese c e n s .ro™ 
e e x t r a c e n . a r spaces towards t . e c a p i n a r y en.otne.u™ 
iHasan et al I9a9h"» TW-J^ • 
1989b). This ,s contradictory to the results of 
or-ightman et al fiq7n^ U,K« -I • 
(1970) Who Claimed that the passage of horse-
radish peroxidase was blocked regardless of .H .• 
'eyaraiess of the direction 
^ro. Which the tracer reached the endotheH... 
An important argument for the vesicular transport is 
- — --oscope (,M) appearance of tracer ^lecules 
in the pericyta, vesicles when injected into the lateral 
ventricle of the brain (wagner et al ,974). 
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It Is possible that besides their role in hydrocephalic 
ede™,a resolatlon, these phagocytic cell „ay nor«lly function 
as scavengers removing.the debris of. cell death normally 
occurring during perinatal development (Hasan et .1 1989b). 
1.24.1.4 The Neuroglia 
Neuroglia (nerve glue) was first described by virchow 
(1846) as an Independent cellular and fibrous element of the 
central nervous system which Is different from normal 
connective tissue. Neuroglia surround the blood vessels in 
the CNS (Glees. 1955). 01Igodendroglia Include's the nun«rous 
•interfascicular glia" of the white matter and a larger part 
Of the penneuronal satellites of the gray matter. Microglia, 
morphologically, biologically and developmentally differ from 
neuroglia. (Brierley J.B. ,982) while microglia (mesoglia) 
was proposed as the true "third element" microglia were 
described as small cell with dark nuclei. The phagocytic role 
cf microglia was emphasized from the very beginning by (Rio 
Hortega ,9,9). still micrologia cells were not difficult to 
K^entify With electron microscope that they were described 
ambiguously by many authors (Bodian ,964 and Herdorn ,964 
Robertson ,900). A number of investigators doubted the 
existence of microglia in normal nervous tissue (Maxwell. 
1965). For a long time, microglia were considered to be a 
type Of neuroglia (Mori et al Robain ,970) or even a simple 
for. Of oligodendroglia without relation to phagocytic 
elements present in pathological processes, in that "a 
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subdivision" of glia which includes the "microglia" involved 
in repair of brain injury remains open to question (Maxwell 
et al 1966). 
Peter et al (1991) have reported that in visual cortex 
of young monkey, the microglia have very similar nuclei to 
the oligodendrocytes, but their cytoplasm is usualy paler. In 
addition, the microglia cell bodies seem to mould themselves 
to the elements in the surrounding neuropil, so that they 
have irregular shapes, and their long cisternae of rough 
endoplasmic reticulum, which are studded with distinct 
ribosomes, have contents similar in density to the cytoplasm. 
Consequently, microglial cells can be readily distinguished 
from oligodendrocytes in thin sections, but it is often 
difficult to distinguish between them in light microscopic 
preparations. 
In young monkeys microglial cells frequently contain a 
few inclusions in their perikaryal cytoplasm. But in the 
older animals nearly all of the microglial cells contain 
significant amounts of membrane-bound inclusions. Some of the 
inclusion bodies exhibit closely packed, dark granules of 
slightly varying desntiy, but in other inclusion the 
granular contents are dispersed in clump and it is difficult 
to be sure that they are isolated from the cytoplasm by a 
membrane. Yet other inclusions are vacuoles containing a few 
lamellae, and some have a fruity appearance (Peter et al 
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19910. Indeed, there is a variety of inclusions within 
microglial cells and they can be so large that they almost 
entirely fill the cell body, pushing the nucleus to one 
side. Because of this it is not unusual to encounter profiles 
of microglial cells that are little more than thin bags of 
cytoplasm surrounding inclusions that can be 5 to 10 um in 
diameter. 
It is apparent, then, that of the neuroglial cells, the 
microglia contain the most heterogenous inclusions and that 
their inclusions are more numerous and frequently larger than 
those within either the astrocytes or oligodendrocytes, since 
it is generally accepted that microglial cells are the prime 
phagocytes of the brain (Blakemore, 1972, Torvik, 1972, 
Vaughan et al., 1974; Dolman, 1985). These cells are 
presumably responsible for removing some of the degenerating 
myelinated axons, dendrites and axon terminals that are 
encountered in the visual cortex (Vincent et al 1989) and in 
other cortices in aging animals (Rees, 1975. Mervis, 1981. 
Peters and Vaughan 1981). 
Attempts to provide diagnostic features for 
differentiation between glia cell types relied on the studies 
from light microscopy of such criteria of the size and 
general configuration of the cell, shape and density of the 
nucleus, the amount and density of the perinuclear cytoplasm, 
the number and nature of processes and positional 
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cha rac te r i s t i c s , such as the re la t i onsh ip t o blood vessles, 
neuronal per ikarya, and nerve f i b r e s . Maxwell e t al (1966) 
d i f f e r e n t i a t i n g the macroglia c e l l s i n t o "as t rocy t i c " and 
"non-ast rocyt ic" types astrocytes would be i d e n t i f i e d with 
reasonable c e r t a i n t y by the unique presence o f glycogen 
granules and bundles of microf i laments i n t h e i r cytoplasm. 
The "non-ast rocyt ic " macroglia was observed to display wide 
range of nuclear and cy top lasmic d e n s i t i e s . Hasan e t a l . , 
(1972) h i g h l i g h t e d t h e p o s i t i v e f e a t u r e s f o r the 
u l t r a s t r u c t u r a l i d e n t i f i c a t i o n of o l igodendrocytes: (1) Large 
d i l a t i t a o n o f n u c l e a r c l e f t ; ( 2 ) h i g h e s t d e n s i t y of 
inhomogenously d i s t r i b u t e d c h r o m a t i n near t h e nuc lea r 
membrane and i r r e g u l a r l i g h t patches i n t e r r u p t i n g the dense 
chromatin at the nuclear membrane, usual ly i d e n t i f i e d as the 
s i t es of nuclear pores. 
In general , the ol igodendrocytes are known to exh ib i t 
densely packed per inuc lear c i rcumferent ia l organizat ion of 
t he o r g a n e l l e s , u n i f o r m l y dark condensed c y t o s o l , and 
abundant f ree ribosomes and ribosomal roset tes (Bunge 1968). 
The shape of the nucleus var ies markedly, poss ib ly depending 
upon t he p lane o f t h e s e c t i o n (Hasan M, e t a l 1977) . 
Microgl iacytes, on the other hand, commonly have an elongated 
n u c l e u s , wh ich i s seen bo th c r o s s s e c t i o n a l l y and 
l o n g i t u d i n a l l y (Mor i s , e t al 1969) ch roma t i n masses are 
ordinary dense i n cont rast to the l i g h t nucleoplasm between 
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them, and for the most part line the nucleus envelope. The 
cytoplasm is usually minimal with few mitochondria and 
little endoplasmic reticulum, although occasional microglia 
show a large cytoplasm with many electron dense bodies. 
Although in the classical literature microglia are recognized 
as phagocytes in the central nervous system (Glees 1955), 
fat-stained or phagocytosed material was long ago identified 
also in reactive oligodendrocytes (Ferraro 1928). 
Hasan et al (1972) reported that in the deafferented 
lateral geniculate bo^ dy of the monkey, reactive 
oligodendrocytes containing electron dense debris. Spoerri 
et al (1979) have demonstrated oligodendrocytes containing 
heterogeneous electron dense structure in the area postrema 
of the rat and in the human cerebral cortex distant to brain 
tumors. It is of interest to note the presence of lipid 
vacuoles in the cytoplasm of cells which correspond to the 
classical geniculate nucleus of blinded monkey (Hasan et al 
1974). It is apparent that the exact identification of 
different type of glial cells has been a vexing problem ever 
since the discovery of neuroglia. The existence of 
transitional (or intermediate) forms between astrocytes and 
ol igodendroglia on the basis of their ultrastructural 
features were reported by (Farquhar et al 1957). Glia cells 
were found possessing "some feature ordinarily ascribed to 
astrocytes and some feature ordinarily ascribed to oligoden 
drocytes (Mugnaini et al 1964). 
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Glees e t a l (1990b) reported t ha t i n human brain and 
p a r t i c u l a r l y i n t h e wake o f h y d r o c e p h a l i c edema, t he 
cy to log ica l features of macrogliacytes and microgl iacytes are 
l i k e l y t o d i f f e r f rom the c l a s s i c a l d e s c r i p t i o n of mature 
c e l l s in the normal human b ra in . The as t rocy t i c processes in 
the hydrocephalic cond i t ion were swol len and oedematus but 
cha rac te r i s t i c as t rocy t i c nuclei w i th per ikarya exh ib i t i ng 
d i s t i n c t micro f i l a m e n t s were o n l y o c c a s i o n a l l y p resen t . 
Whi le c l a s s i c a l i n t e r f a s c i c u l a r g l i a and p e r i n e u r o n a l 
s a t e l l i t e , ol igodendrocytes were more in number. At t imes, 
two or more o l igodendrocytes were i n c l ose c o n t a c t . The 
cytoplasm of these ol igodendrocytes was found t o be conf luent 
i n t h e p e r i p h e r y w h i l e ve ry t h i n e l e c t r o n dense l i n e 
separated them. In some cases, up to three oligodendrocytes 
nuclear p r o f i l e s were found close together not separated by 
anu e lec t ron dense l i n e . These were the oligodendrocytes in 
the p rocess o f d i v i s i o n . Some o l i g o d e n d r o c y t e s showed 
presence o f lysosomes i n t h e v i c i n i t y o f n u c l e u s . 
O l i g o d e n d r o c y t e s w i t h i r r e g u l a r n u c l e a r c o n f i g u r a t i o n 
contained e lec t ron-dense cytop lasm r i c h i n r ibosomes and 
vacuoles. A number of growth cones were also seen in close 
p r o x i m i t y . Some o l i g o d e n d r o c y t e n u c l e i showed marked 
invaginat ion and in some, a tangent ia l sect ion of the nucleus 
showed sequestered i n t r a n u c l e a r c y t o p l a s m i c i n c l u s i o n . 
Microgl iacytes w i th rod-shaped nucleus were also present. 
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Some microglia showed irregular nuclei with a number of 
vacuoles and lysosomes in the cytoplasm. In some cases 
microfilament were also present. Some globular 
microgliacytes were full of vaculoes and contained bundles of 
microfilaments. Glees et al (1990b) concluded that the 
maturing glial cells differ markedly from the classical adult 
type. Many transitional forms were , apparent Microtubules 
were not observed in the astrocytic cytoplasm at any stage of 
development; however, the characteristic microfilaments were 
commonly observed. The function of abundant microfilaments 
are not well understood. They may provide rigidity to the 
astrocytic processes or endow them with contractile propert-
ies Whereas mature oligodendrocytes are known to exhibit 
fewer visible processes, the maturing oligodendrocyte may 
possess a number of processes and abundant rough endoplasmic 
reticulum (Phillips 1973, de Vaughn 1969). Ludwin (1984) 
reported even in the mature oligodendrocytes, proliferation 
freely occurs after trauma to the central nervous system. 
Previously, it was thought that mature oligodendrocytes in 
the adult mammalian brain were post-mitotic and unable to 
proliferate even in respect to injury. This failure of 
oligodendrocytes to undergo mitosis was cited to explain the 
failure of the human CNS to undergo remyel i nati on after 
demyelinating disease. But Ludwin (1984) has convincingly 
showed that mature oligodendrocytes in adult animals, as well 
as astrocytes and microglia are able to respond to damage in 
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the CNS following trauma by incorporation of tritiated 
thymidine into their nuclei. Although the nature of stimulus 
to proliferate is unclear, it is possible that these cells 
are responding to axonal reactions following neuronal death 
at a molecular or chemical level. Recently, Glees et al 
(1988) have shown neuronal degeneration due to hydrocephalus 
in the maturing human frontal cortex. Maxwell and Kruger 
(1965) considered the dense bodies of oligodendrocytes to be 
the products of "normal" degenerative processes such as those 
related to aging. The occurence of similar dense bodies in 
the maturing oligodendrocytes can well be explained on the 
basis of neuronal death and consequent axonal alteration 
known to occur during development which have been further 
influenced by hydrocephalic oedema (Glees et al 1990a). The 
unambiguous differentiation between oligodendrocytes and 
microglia is, at times, difficult. In a great majority of 
cases, the occurrence of inclusion bodies and vacuolar 
profilers tilts the balance in favour of microglis. A variety 
of cell types, endogeneous as well as exogeneous, have been 
regarded as sources of phagocytes when neurones of the CNS 
have been destroyed. (Hasan et al 1989b). According to 
Brierley et al (1982) source of phagocytes will be determined 
by the nature of injury (toxin, hypoxia-ischemia, infection 
trauma, etc.) and whether damage is restricted to neurones or 
involves glial and mesodermal elements upto the level of 
information (with or without hemorrhage). Some authors stress 
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the migratory activity as disclosed by Smart et al (1961) by 
autoradiographic means. They consider microgliacytes as only 
temporary guests in brain tissue. However, in normal and 
pathological studies of the CNS it seems advantageous to take 
their presence for granted and to retain the term microglia 
well without replacing it by the term macrophage or 
histiocytes (Glees 1972). When attempting to prepare (on the 
basis of richness in ultrastructural organelles) a graded 
scale of metabolically active neuroglia, one is led to 
conclude that the most metabolically active neuroglia cell is 
the perineuronal satellite oligodendrocytes. Then follow the 
astrocytes, and last, the microglia (Glees et al 1990b). The 
maximum number of oligodendrocytes were found in layer VI of 
the motor cortex and layer V of the lateral geniculate body. 
The presence of many types of vacuoles, lipid bodies and 
array of microfilaments in the maturing and hydrocephalic 
subjects was remarkable. Vacuoles and intracellular debris 
indicate their phagocytic role and the richness in 
microfilament is suggestive of mobility of these cells, 
(Glees, 1972). 
The oligodendrocytes and particularly microgliacytes 
play a supporting role in oedema resolution (Glees et al 
1989). Many amoeboidal microgliacytes were detected in the 
midst of oedemotous astrocytic processes. Hasan et al 
(1989b) have shown these proliferating oligodendrocytes and 
microgliacyes in hydrocephalic human brain. 
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1.25 Nuclei of hypothalamus 
Most regions of the hypothalamus contain population of 
neurons which have been divided on the basis of phylogenetic, 
developmental, cy toarch i tec ton ic , neuronal c i r c u l a t o r y 
histochemical studies into a number of nuclear aggregations, 
which have given spec i f ic names, but some are much more 
clearly defined than others. 
In mammals, the hypothaleunic suprachiasmatic nucleus 
(SCN) is involved in the generat ion and entrainment of a 
number of c i rcadian rhythms-This nucleus is considered to 
receive information of the environment dark- l ight cycle via a 
d i r e c t neuronal i n p u t , c a l l e d r e t i n o - g e n i c u l o - s u p r a -
chiasmatic pathway. The e f f e ren ts of SCN reach several 
hypothalamic and non-hypoathalaamic areas. Their out-put is 
considered of importance in t rans fo rmat ion of rhythms to 
other central s t ructures. Transmi t ters i d e n t i f i e d in the 
efferents of SCN neurons are^therefore^l ikely to be involved 
in cfrcadian rhythmicity. In recent years, the projections of 
suprachiasmatic neurons conta in ing vasoact ive i n t e s t i n a l 
pept ide (VIP) and vasopress in have been determined 
(Mikkelsen 1988 Sofronier et al 1987). 
Gastrin releasing peptide might play a ro le in the 
regulat ion of c ircadian rhythms in hypothalamic nucle i 
generated by the suprachiasmatic nucleus. (Mikkelsen et al 
1991). 
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Growth hormone r e l e a s i n g hormone (GHRH) 
immunoreactivity was i d e n t i f i e d in neuronal per ikarya in the 
hypothalamic arcuate and suprachiasmatic nuclei as wel l as in 
c o r t i c a l and s u b c o r t i c a l t e l e n c e p h a l o n . F ibe rs were most 
e v i d e n t i n t h e median eminence , p a r a v e n t r i c u l a r and 
p e r i v e n t r i c u l a r nuclei and molecular layer of the cerebral 
cor tex . Fine f i b e r s were also accumulated in the bed nucleus 
of the s t r i a terminal i s and the amygdala (Edythe e t al 1991). 
1.26 Functions of the hypothalamus 
C l i n i c a l l y , i t has long been recognized tha t lesions in 
the hypo tha lamus o f t e n l e a d t o w idesp read and b i z a r r e 
c o m b i n a t i o n s o f symptoms and s i g n s , wh ich stem f rom 
endocrine, metabol ic, v i scera l and behavioural disturbances. 
The hypothalamic act ion depends upon d i f f e r e n t informat ion 
c h a n n e l s , bo th nervous and v a s c u l a r , and t h a t i t i s 
i n te r l ocked , both s t r u c t u r a l l y and f unc t i ona l l y w i th higher 
regions of the nervous system. The l a t t e r i n c l u d e the 
complex of s t r u c t u r e s which i n c l u d e s the l i m b i c lobe or 
system and the p re - f ren ta l regions of the cerebral cor tex. 
The suprachiasmat ic region i n some, but not a l l , mammals 
synthesises e i t h e r oxy toc in o r ADH as p a r t o f a l a r g e r 
precursor molecule. In the r o s t r a l p a r t o f the s u p r a o p t i c 
nucleus, oxytocin and ADH neurons are equal ly d i s t r i b u t e d , 
but in the caudal part only oxytoc in neurons are found. 
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I n mammalia t h e f r o n t a l c o r t e x , l i m b i c sys tem, 
hypothalamus, and lower regions of the brain stem and spinal 
cord are conveniently regarded as forming a hierarchy of 
c o n t r o l s p a r t i c u l a r l y d i r e c t e d towards those homeostat ic 
cyc les , which are mediated by the autonomic nervous sytem, 
the endocrine system, and the locomotor pat terns associated 
wi th them. 
1.27 Nucleus ceruleus 
I t i s a b l u i s h - g r e y a rea i n t h e f l o o r o f f o u r t h 
v e r t i c l e , which does i t s co lor to a group of pigmented nerve 
c e l l s as seen through o v e r l y i n g t i s s u e . Dahls t rom e t a l 
(1969) and Fuxe e t al (1970) demonstrated t h a t a l l the 
cen t ra l l y placed neurons of the nucleus are noradrenergic-
Stereotac t ic lesions of both nucle i coerule i ( i n ra ts ) showed 
tha t they were the main and probably sole source of f i b res 
c o n s t i t u t i n g the dorsal noradrenergic bundle, par t of the 
tegmental f a s c i c u l u s through which they approach some of 
t h e i r many dest inat ions (Ungerstedt 1971) Reunon-Moliner et al 
(1974) , however, have demonstrated i n the f e l i n e nucleus 
ceruleus high concentrat ions of acety lcho l inesterase. Locus 
ceru leus c e l l s are c h a r a c t e r i z e d by t h i n processes t h a t 
resemble axons and a r i s e d i r e c t l y f r om t h e p e r i k a r y o n 
(somat i c gemmu1es). 
Moreover, the locus ce ru leus seems t o be a c t i v e i n 
p h y s i o l o g i c p rocess l i k e r e g u l a t i o n o f r e s p i r a t i o n 
m i c t u r i t i o n and the sleep-wake-rhythm. 
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1.28 Zinc and Free radicals: 
Zinc may also intervene in nonenzymatic free radical 
reactions (Anonymous 1978 c i ted by Lancet). In part icular, 
zinc is known to protect against iron-catalyzed free radical 
damage. I t has bee known that the f r e e - r a d i c a l ox idat ion 
(autooxidation) of polyunsaturated l ip ids is most ef fect ively 
induced by the in te rac t ion of inorganic i r o n , oxygen.and 
various redox couples. This, interact ion may be responsible 
for the pathological changes and c l i n i ca l manifestations of 
i ron t o x i c i t y . I ron-cata lyzed f ree rad ica l ox ida t ion is 
known to be inhibi ted by zinc, ceruloplasmin, metalloenzymes 
( ca ta lase perox idases , and z inc-and coppei—dependent 
superox ide d i smutase) , and f r e e rad i ca l - scaveng ing 
antioxidant vitamin E. 
Bettger and O'Dell (1981) hypothesized that zinc plays 
a b iochemical r o l e analogous to t h a t of v i t a m i n E by 
s t a b i l i z i n g membrane s t r u c t u r e and thus reducing 
peroxidat ive damage to the c e l l . Carbon t e t r a c h l o r i d e -
induced l i ve r in ju ry i s another model f o r s tud ing free 
radical injury to t issues. Animals maintained on a high zinc 
regimen are resi tant to th i s type of biochemical in jury, 
thus suggesting that zinc may be protective against free 
r a d i c a l i n j u r y . Zinc a lso i n h i b i t s the analogous 
metraimidazole-dependent free radical sequences. 
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Free rad ica ls being very t rans ien t species merely set 
in motion a des t ruc t i ve chain reac t ion . Where l i p i d s react 
w i t h f r e e r a d i c a l s t h e y undergo a s e r i e s o f mo leuc l a r 
rearangment te rmed p e r o x i d a t i o n and f o r m a number of 
ox i da t i on d e r i v a t i v e s i n c l u d i n g l i p i d p e r o x i d e s , l i p i d 
hydroperoxides and aldehydes. Cel l damage may be caused by 
act ive oxygen metabol i tes such as hydroxyl peroxidat ion/ 
superoxidat ion, anion and hydroxyl r a d i c a l . 
1.29 The morphology of various types of c e l l death in 
p renata1 t i ssues: 
Large number of necro t ic c e l l s are seen when studying 
embryonic t i ssues . Morphological ly , they occur in nearly a l l 
parts of the embryo, and may range from i so la ted instances to 
being so numerous i n c e r t a i n areas t h a t whole organs or 
t i ssue regions are thus broken down (Nussbaum 1901, Emrnst 
1962, Ka l l i us 1931) Physio logical c e l l death i s an important 
component of normal morphogenesis, yet l i t t l e i s known about 
i t s t r i g g e r and course (Saunders, 1966). 
I t is obvious t h a t endogeneous ( i . e . , genet ic ) fac tors 
are important because nec ros i s always appear i n the same 
place and at the same stage o f development i n va r i ous 
species. But i t i s not yet known whether the determinants are 
s i t u a t e d in the c e l l t ypes . (Hamburger 1952, Jurand 1965. 
Bal lard et al 1968, Fal lon e t al 1968). 
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I t i s also necessary, when car ry ing out te ra to log ica l 
and embryotoxic experiments to i d e n t i f y the physiological 
n e c r o s i s and t o compare them w i t h t h o s e due t o t o x i c 
substances. I t would be a mistake t o use p h y s i o l o g i c a l 
necrosis as ind ica to rs of teratogenic or t o x i c e f f e c t s , and 
i f morphological d i f f e r e n c e s between p h y s i o l o g i c a l and 
experimental ly induced necrosis could be found, i t would be 
possible to avoid t h i s e r r o r . 
The deve lopment o f t h e nervous sys tem i n v o l v e s a 
complex, prec ise ly timed ser ies of events t h a t includes ce l l 
p r o l i f e r a t i o n , m i g r a t i o n e x t e n s i o n o f p r o c e s s e s , 
Synaptogenesis, and c e l l death one molecu le t h a t has been 
impl icated in some of these events, i s the growth associated 
phosphoprotein (GAP-43). Neurons growing e i t h e r ' i n v i vo ' or 
' i n v i t r o ' show high leve ls of GAP-43 expression coincident 
wi th the beginings of outgrowth of processes (Coste l lo et al 
1990, Federoff 1988) w i th the pro te in being conveyed in the 
rapid phase of t ranspor t down 20<onal, but not dend r i t i c , 
processes (Goslink e t al 1988, Skene e t al 1981). 
I t i s qu i te l i k e l y t ha t GAP-43, through i t s regulat ion 
by p ro te i n kinase C, p a r t i c i p a t e s d i r e c t l y i n the process 
essen t ia l f o r the growth of axons and t he f o r m a t i o n of 
synaptic re la t ionsh ips (Dani et al 1991). Moreover, as has 
been suggested, the pe rs i s tence of the p r o t e i n i n c e r t a i n 
regions of the neuraxis may r e f l e c t synapses i n which dynamic 
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remodeling may remain possible throughout life, perhaps in 
relation to functional plasticity (Dani et al 1991). 
1.30 Prenatal development in neocortex of rat 
Most of what is known about mammalian brain development 
has been derived from studies of altricial (born in an 
immature state) species, presumably because they allow easy 
access to early developmental stages (Brunjes 1988). Many 
species, however, are born relatively mature and thus may 
exhibit different rates and patterns of early brain growth. 
The laboratory rats are born after 22 day gestation period 
lacking fur and with only rudimentary motoric and sensory 
capabilities. The terminology used here is based on the 
description of cortical development by Astrom (1967), Derer 
(1974), Marin et al (1982), Luskin et al (1985) and Rakic 
(1988). 
1.30.1 Postconception day (PC) 14 
At this stage the developing neocortex contains a deep 
germinal and superficial marginal layer. The marginal zone 
contains occasional cells, the first neurons to be found in 
the region. The layer will subsequently be split by the 
formation of the cortical plate (Luskin et al 1985 Marin et 
al 1982). 
1.30.2 Postconception day 18 
Since PC 14 the rat has undergone substantial changes 
including the formation of several distinct layer within the 
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neocortex. Closest to the ventricle is a prominent germinal 
zone. A broad intermediate zone, the future white matter of 
the cortex, lies above it, and is divided into (a) a deep or 
subependymal layer containing occasional mitotic figures, (b) 
an intermediate zone with decreased cell density and 
tangentially oriented cells and fibers, and (c) a superficial 
plexiform layer which contains occasional neurons and which 
forms the deep border of the cortical plate. The plate is 
approximately 7 cell bodies thick in the dorsal regions of 
the pallium, and becomes thicker more laterally. 
Differentiated neurons are seen at the border (Sub-plate) 
between the cortical plate and the superficial aspect of the 
intermediate zone. The most superficial layer is the marginal 
zone, which will become layer 1 of the neocortex. The 
cortical plate gradually thins medially and ventrally, where 
it will form the developing pyreunidal cell zones of Ammons 
horn. A few cells cap the medial end of the cortical plate 
representing the beginning of the dentate gyrus. More 
medial still is a cell free zone representing the 
developing fimbria. 
1.30.3 Post conception day 20 
The developing cortical region contains all the layers 
seen at previous age. The cortical plate has reached its 
maximum thickness. The region deep to the plate contains a 
broad strip of radially oriented neurons representing the 
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deep layers of the neocortex. This subplate region of 
differentiated neurons is as thick as that of the plate. The 
plate shows few signs of stratification. The developing 
dentate gyrus is now easily seen as a large cloud of cells 
bounding the medial end of the cortical plate. 
1.30.4 Postconception day 22 
Cortical plate has become much more loosely packed and 
contains only the rudiments of layer 2 and 3. The plate is no 
longer continuous with the developing pyramidal zone of the 
hippocampus. The layers which have emerged from the deeper 
portion of the plate (subplate) are now 3_4 times deeper 
than the plate. The dentate gyrus is formed, with the 
suprapyramidal blade being much more distinct than the 
infrapyramidal. The hilus contains a relatively high density 
of cells. 
1.31 Control of cell number in the developing neocortex 
In a variety of developing vertebrate neural system, 
cells, dendrites, axons and synapses are initially 
overproduced and subsequently reduced by a variety of 
regulating processes (Cowan et al 1973, Hamburger et al 
1982, Oppenheim, 1981, Purves, et al 1980). Cell death has 
been shown in several systems to serve in correction of early 
errors of connectivity, the matching of cell number in 
interconnecting populations, and in the sculpting of 
in homogoeneities in the density of cell distribution 
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(Oppenheim, 1981 Purves et al 1980, Sengelaub et al 1986). In 
the development of neocortex neuronal loss occurs but its 
function have not yet been elucidated. 
This normal neuronal loss in the neocortex, variable by 
cortical layer and area has been demonstrated in a variety of 
ways, including cell count in early development (Heumann et 
al 1977, Heumann, et al 1978), comparison of early and late 
cell numbers in thymidine-labelled material (Kane, 1984) and 
observation of pyknosis (Pearlman, 1985). All counts 
indicate relatively large amount of neuronal loss in the 
last-generated,external cortical layer (11-IV) and lesser 
amounts of loss in the earliest generated, internal layer (V 
and VI). Cortical areas vary widely in the incidence of 
pyknotic cells. 
Population matching is a second possiblity for the role 
of cell death in the cortex (Cowan 1973). 
1.32 Aim and objective of present study 
In view of the demonstrated need for zinc during 
embyronic development, this study is mainly focussed on the, 
histological, ultrastructural and quantitative biochemical 
changes in the fetal rat brain development caused by zinc 
deficiencies from gestation day 12 to the completion of 
pregnancy (Day 22). 
\M\PMW ^md Mmb@^i 
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2. MATERIAL AND METHODS 
2.1 Animals 
Male and female Charles Foster Strain rats (females: 
weighing 190 + 20 g and males weighing 230 + 20 g) were 
obtained from Animal House, J.N. Medical College, A.M.U., 
Aligarh. They were kept on pellet stock ration diet 
(Hindustan Lever Ltd. India) for one month before the 
experiment. Female rats were mated over-night with a male. On 
day 0 of gestation,as determined by the presence of sperm in 
the vaginal smear, the female rats were subjected to one of 
the following dietary regimens. 
2.2 Feeding 
2.2.1 Feeding of female animals 
Group-A: Control animals, (n=22) were fed a pel let stock 
ration diet and tap water. They were divided into sub-groups 
(a-1 and a-2). The a-1 sub-group animals (n=19) were fed ad 
libitum. The a-2 sub group (Paired Fed) animals (n=3) served 
as "food intake controls" the amount was restricted to mean 
daily food intake of the females fed on zinc deficient diet. 
Group-B: Zinc deficient group (n=18) fed ad libitum 
zinc deficient diet, (Egg white Based Pelleted, 0.3 ppm Zn 
from day 12th of gestation) obtained from Biochemical company 
U.S.A. and double distilled water (DDW). They were 
individually housed in plastic cages. The water bottle/sipper 
tube system consisted of an air-tight reservoir bottle made 
Fig. (1) Charles Foster albino rat obtained from animal house 
J.N. Medical College, A.M.U., Aligarh, India. 
Fig. (2 ) Plastic cage used during the experiment, 
a 
F i g . (3 ) Zinc d e f i c i e n t d i e t o b t a i n e d f rom Biochemical 
Company, U.S.A. 
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of glass, a glass tube was connected to the bottle with a 
tight-fitting rubber stopper. 
GrouD-C: Fed peas soaked in water ad libitum and tap 
water from day 0 of gestation they were divided into sub-
group C-1 and C-2. The sub group C-1 (n=3) where individually 
housed. The sub group C-2 (n=3) where housed along with, a 
male rat. 
2.2.2 Feedings of male animals 
Male animals were fed a Pallet Stock ration diet and 
tap water ad-libitum. 
2.3 Experimental Protocol 
2.3.1 Female animals 
Female rats (n=42) were weighed three times weekly and 
this food intake was recorded. They were sacrified on 21 day 
of gestation. The gross features of the fetuses and the Dams 
were photographed and the brain tissue was used for 
histological and electron microscopic quantitative and 
Biochemical studies. 
2.3.2 Male groups 
Male groups (n=32) were d iv ided in to cont ro l group-D 
(n=19) and exper imental group-E (n=13 ) . They were fed ad 
l i b i t u m p e l l e t s t o c k r a t i o n d i e t and t a p w a t e r . The 
experimental group received in t raper i tonea l i n j e c t i o n of 6 
mg/kg body weight zinc in the form of zinc ch lo r ide (ZnClg) 
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for six consecutive day. Twelve control group received 
normal saline, twelve control and ten experimental animals 
were used for atomic absorption spectrophotometric estimation 
of zinc content of different region of the rat brain, control 
and experimental animals were used for electron microscopic 
studies of the rat brain. Two control rats were used for 
histochemical localization of zinc in the form of zinc-zincon 
reaction. Two control animals were used for alkaline 
phosphatase histochemistry, and one control rat was also used 
for histological studies of the rat brain. Additionally, one 
control rat was used for simplified Golgi technique. 
Furthermore, material from one control male rat was used for 
histological studies on plastic embedded sections. 
2.4 Procedure of sacrifying the animals: 
Female pregnant rats: For histological and electron 
microscopic studies of the brain the animals were 
anesthetized with 35 mg/Kg body weight nembutal and killed by 
transcardial perfusion with Karnovsky's fixative on 21 day of 
gestation. The abdomen was immediately opened to expose the 
uterine horns. The number of implantation sites, resorption 
and malformed fetuses were recorded. 
2.4.1 Cervical dislocation: 
For quantitative biochemical studies and histochemical 
studies of alkaline phosphatase the animals were killed by 
cervical dislocation. The animals were grasped at their neck 
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near the base of skull with the thumb and forefinger of one 
hand and hind limb and tail with other hand. A swift but 
controlled motion separated the cervical vertebrae from the 
base of the skull. This resulted in instantaneous loss of 
consciousness and loss of vital signs within less than a 
minute. 
2.5 Exposure of the brain and its removal 
The skin covering back of the skull was reflected and 
the skeletal elements protecting the brain were removed. The 
brain was exposed and gently detached from the base of the 
skull and taken out. 
2.6 Dissection of different Parts of the brain 
a) For Paraffin sections, cryostat sections, and 
histochemical demonstration of zinc, the brain was sliced 
into 3 mm thick sections and immersed in the remaining 
perfusion fluid. 
b) For semithin plastic sections and electron microscopic 
studies of rat brain and their fetuses small pieces of brain 
tissue from the regions of cerebrum, cerebellum, 
suprachiasmatic nucleus, locus ceruleus and hippocampus (area 
CA4 and CAS) were dissected out (1 mm in thickness) and 
removed. 
82 
2.6.1 Dissection of the hippocampus 
The term hippocampus refers to the pyramidal fields of 
Ammon's horn. The overlying cortex was removed and the total 
hippocampus was carefully taken out with fine forceps and 
sectioned perpendicular to the long axis into three equal 
pieces. The rostral extent of the hippocampus will be called 
the septal pole and the extreme opposite end the temporal 
pole. The portion in between, these two poles will be termed 
as middle portion. The areas CA4, and CA3 were identified 
with the help of dissecting microscope and were carefully 
removed with a sharp razor. 
2.6.2 Dissection of Locus Ceruleus 
The diamond shaped floor of the fourth ventricle is 
divided into symmetrical halves by a median sulcus and on each 
side of this sulcus lies another sulcus called sulcus 
limitans. The superior part of this sulcus corresponds with 
the lateral limit of the floor and exhibits a bluish-grey 
area named the locus ceruleus produced by pigmented cells 
beneath the ependyma. The required area was dissected out. 
2 .6 .3 Dissection of Supraichiasmatic region: 
The r o s t r o c a u d a l d i v i s i o n o f t h e h y p o t h a l a m u s i n t o 
S u p r a p t i c , I n f u n d i b u l o t u b e r a l and M a m i l l a r y zones and 
d i v i s i o n of these zones by l o n g i t u d i n a l p lane p a r a l l e l t o the 
paramedian p l a n e , i n t o l a t e r a l and m e d i a l zones a r e w e l l -
known . 
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The main o u t - f l o w o f t h e f o r n i x f i b r e s f rom the 
neuronal laminae of the hippocompal format ion, traverses the 
hypothalamus to reach the mamillary bodies and serves as a 
point of reference f o r sag i ta l planes tha t d i v ide each half 
of the hypothalmus i n to medial and l a t e ra l zones. The medial 
zone i s subdiv ided i n t o th ree r e g i o n s , sup rach iasma t i c , 
tubera l and mami l la ry . The medial zone c o n s i s t s of gray 
matter in which several nucle i are recognized on the basis of 
c e l l u l a r cha rac te r i s t i cs and connections. I t a lso includes a 
t h i n layer of f i ne myelinated and unmyelinated f i b r e s beneath 
the ependymal l i n i n g of the t h i r d v e n t r i c l e . 
Suprachiasmatic nucleus consists of large c e l l s and is 
best developed above the j unc t i on of op t i c chiasma and opt ic 
t r a c t . The paravent r icu lar nucleus contains large c e l l s in a 
matr ix and smaller neurons. These two nuclei are conspicuous 
in N i s s l - s t a i n e d sec t ions and have a p l e n t i f u l supply of 
c a p i l l a r i e s . The c e l l s of sup raop t i c and p a r a v e n t r i c u l a r 
nuclei elaborate neurohypophysial hormones, and secretory 
granules in the cytoplasm are ev idence o f neu rosec re to ry 
a c t i v i t i e s . Axons f r om t h e n u c l e i c o n s t i t u t e the 
h y p o t h a l a m o h y p o p h y s i a l t r a c t whose f i b r e s t e r m i n a t e 
t h r o u g h o u t t h e n e u r o h y p o p h y s i s where t h e hormones are 
released in to c a p i l l a r y blood. The suprachiasmatic nucleus is 
a small c l u s t e r of neurons on each s i de o f the m i d l i n e 
immediately dorsal t o the o p t i c chiasma. Axons of r e t i n a l 
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origin leave the chiasma to terminate into this nucleus. The 
anterior nucleus is similar to the preoptic area 
cytological ly, and they are not clearly demarcated from one 
another. 
Semi-thin sections (0.5 urn) from these parts were 
stained with Toluidine blue to identify the area of interest 
by light microscopy to facilitate trimming and the subsequent 
cutting of ultra-thin sections. 
2.7 Perfusion apparatus 
An intravenous infusion set was used consisting of a 
bottle, a drop chamber, and 6-7 feet of rubber tubing 
supplied with squeeze type flow regulator, the tubing was 
connected to a cannula (Fig. 4). 
2.8 Perfusion 
For histological histochemical and electron microscopic 
studies the animals were anaesthetized with 35 mg/kg body 
weight nembutal and killed by transcardial perfusion. 
2.8.1 Procedure of fixation 
2.8.1.1 Procedure of perfusion fixation 
2.8.1.1.1 Procedure of perfusion fixation of the rat fetal 
brain 
The female pregnant rats were deeply anesthetized on 21 
day of gestation with 35 mg/kg body weight nembutal given 
subcutaneously in the tail region. The abdomen of animals 
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r'. perfusion fluid 
Fig, (4) Perfusion apparatus 
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were opened by an inc i s ion s t a r t i n g a t the symphysis pubis 
and extending along the median l i n e of the abdomen to the 
base of the sternum. Uter ine horns were removed and the 
embryos were d issec ted ou t , they were per fused through 
umblical cord a t a pressure of 5 f ee t of water wi th f i x a t i v e 
so lu t i on , the head region was removed and post f i xed in the 
f i x a t i v e so lu t ion f o r 48 hours. 
2 .8 .1 .1 .2 Procedure of perfusion f ixa t ion o f the rat brain 
The a n i m a l s were d e e p l y a n a e s t h e t i z e d by 
in t raper i tonea l i n j e c t i o n of nembutol (35 mg/kg body weight), 
the thorax of the anaesthet ized an ima ls was opened by an 
i n c i s i o n s t a r t i n g a t t he base o f x i p h o i d process and 
extending along the median l i n e o f t he sternum to the 
jugu lar notch avoiding the in te rna l mammary a r te ry that runs 
close to the sternum. The opening of the thorax was widened 
by cu t t i ng symmetrical ly along an i n te rcos ta l space on each 
s i d e , s t a r t i n g f r o m x i p h o i d p r o c e s s , t h e f l a p s of the 
thoraxic wal l formed t h i s way were clamped and ro l l ed upward. 
An 18 guage needle was in t roduced i n t o ascending ao r ta 
through the l e f t v e n t r i c l e . The r i g h t a t r i u m was w ide ly 
opened and the perfusion s tar ted a t pressure of about 5 feet 
of water p ressure . Per fus ion was d i s c o n t i n u e d a f t e r 30 
minutes and the head region was removed and immersed in the 
f i x a t i v e so lu t ion f o r e ight hours. 
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2.9 Procedure of f i x a t i o n f o r demons t ra t i on of a l k a l i n e 
phosphatase a c t i v i t y (Gomori nnethod 1952). 
3 mm t h i c k s l i c e s of f r esh b r a i n were f i x e d in 80% 
ethy l a lcoho l , cooled to 4°C, f o r 12 hours. 
Procedure o f p o s t f i x a t i o n o f t h e r a t b r a i n f o r 
Electron Microscopic Studies. 
2.10 Osmium tetroxide fixation: 
After primary fixation with perfusion fixation method 
the pieces of tissues were washed thoroughly in 0.1 M 
Phosphate buffer and post-fixed in 1% osmium tetroxide for 2 
hours. Following osmication, the specimens were washed in two 
changes of D.D.W. and were dehydrated. 
2.11 Procedure for Perfusion Staining (Hasan, 1977) 
Rats were deeply anasthetized with nembutal, 35 mg/kg 
body weight, after opening the thoraxic cavity a polyethelene 
cannula was inserted into ascending aorta through the left 
ventricle. The right auricle was opened to allow a low-
resistance return of the perfusion fluid (zincon) from the 
head. The perfusion was discontinued after 30 min. The skull 
was opened, the brain removed carefully and was cut into 
slices and immersed in the remaining perfusion solution for 
at least 10 minutes at 4°C in refrigerator. 
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2.12 Deh yd ra t ion P rocedu re 
The t issue contain large amount of water. This water 
must be removed so t h a t i t may be r e p l a c e d by wax. 
D e h y d r a t i o n i s bes t a c c o m p l i s h e d by t h e use o f graded 
alcohols beginning wi th 50% a l coho l . 
2.12.1 Dehydration Procedure for Praffin Sections 
1. 50% Ethanol two changes each for 1 hour 
2. 70% Ethanol two changes each for 30 minutes 
3. 95% Ethanol two changes each for 15 minutes 
2.12.2 Dehydration procedure for plastic sections 
1. 30% Ethanol two changes each for 30 minutes 
Ethanol two changes each for 30 minutes 
Ethanol two changes each for 30 minutes 
Ethanol two changes each for 30 minutes 
Ethanol two changes each for 10 minutes 
6. Absolute Ethanol two changes for 10 minutes 
2.13 Clearing (Dealcoholization): 
This was to be accomplished so that alcohol in the 
tissue is replaced by fluid which will dissolve the wax 
in case of paraffin sections and with epoxy resin in case of 
plastic sections, with which the tissue must be impregnated 
For paraffin sections, tissues were placed in a conical glass 
containing chloroform approximately for 8 minutes, the volume 
of chloroform was 10 times the volume of the tissues and was 
2 . 
3 . 
4 . 
5. 
50% 
75% 
85% 
95% 
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vigorously shaken till the tissue became clear. In case of 
plastic section, the tissues were placed in propylene oxide 
(two changes for 20 minutes). 
2.14 Impregnation and embedding: 
The tissues having been completely dehydrated and 
cleared were impregnated with paraffin wax by immersion in 
succession of molten wax baths using two changes of wax for 
two hours. For plastic sections the tissues were impregnated 
with epoxy resin (araldite). 
After complete dehydration the tissues were placed in 
transitional fluid, propylene oxide, two changes each for 20 
minutes. After complete replacement of ethanol with propylene 
oxide, the pieces of tissue were embedded at room 
temperature in working plastic mixture according to the 
following schedules. 
2:1 Propylene oxide and plastic mixture for 1 hour 
1 : 3 " '• " " 2 hour 
to changes of pure plastic mixture each for 1 hour 
2.15 Plastic embedding media 
Suggested by Agar Aids for Electron microscopy, the 
ratio of stock mixture was as follows: 
Araldite cy 212 10.0 ml 
DDSA [Dodecenyl succinic anhydrade (C^g Hgg O3] 10.0 ml 
mwt 266.38] 
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BDMA [(Benzyl dimethyl amine} (Cg H^3 N) 0.4 ml 
M.W."*" 135.2] 
Equal parts (by volume) of the warm resin and hardner (from 
their separate containers) were measured into a warm 
graduated cylinder and poured immediately into a warm conical 
flask. The mixture was gently shaken by hand with rotation. 
Mixing was completed within a few minutes* if the components 
and the mixing vessel had been pre-warmed. Then BDMA (0.4 ml 
was added for every 10 ml of Araldite and 10 ml of DDSA), and 
shaking was continued by hand for a further minute or two. 
This mixture hardends overnight at 60°C and the block 
could be sectioned after 24 hours. It was found, however, 
expedient to incubate for 48 hours at 60°C whenever possible. 
2.16 Block-Making 
The tissues were transferred to fresh plastic mixture 
in the plastic mould and kept in an incubator at 60°C for 48 
hours. After two days of complete polymerization, the blocks 
were ready for section-cutting. 
2.17 Preparation of solutions for light and electron 
microscopic studies 
2.17.1 Preparation of Fixation solution 3X paraformaldehyde, 
3% glutaraldehyde in 0.1 M phosphate buffer solution 
Dissolve 33 g paraformaldehyde powder in approximately 
200 c.c. D.D.W. in a conical flask, warm the solution 
g e n t l y w h i l e shak ing i t and add t o i t d r o p by d rop 1N 
s o l u t i o n o f NaOH u n t i l the s o l u t i o n i s c l e a r e d , ad jus t the pH 
by IN HCl t o pH 7 .4 t o t h i s s o l u t i o n add 33 c . c . o f 
g l u t a r a l d e h y d e s o l u t i o n . D i s s o l v e 1.32 g NaHgPO^, 2 H2O 
(monobasic sodium phosphate) and 7.209g o f Nag HPO^, 2H22O 
( D i b a s i c sodium phosphate) i n 100 c . c . D.D.W. add t h i s 
s o l u t i o n t o the f i x a t i v e s o l u t i o n f i n d a d j u s t the f i n a l pH by 
the he lp o f s tock s o l u t i o n o f 1.39g NaHgPO^, 2H2O i n 100 c . c . 
D.D.W. and 1.78g Na2HP04, 2H2O i n 100 c . c . D.D.W. t o pH 7.4 
and b r i n g the f i n a l volume t o 1000 c . c . w i t h the he lp o f 
D.D.W. 
2 . 1 7 . 2 . Bu f fe red osmium t e t r o x i d e {2%) 
One gram c a p s u l e o f c<5mium t e t r o x i d e (OsO^^) was 
c a r e f u l l y heated t o redness and immersed i n a j a r con ta i n i ng 
50 ml o f C.2 M phosphate b u f f e r and s toppered j a r was l e f t 
o v e r n i g h t t o d i s s o l v e and t h e r e a f t e r s t o r e d i n a 
r e f r i g e r a t o r . 
2 . 1 7 . 2 . 1 Working buffered osmium t e t r o x i d e (1X) 
The s t o c k s o l u t i o n (2%) o f ( 0 . 2 M p h o s p h a t e b u f f e r ) 
osmium t e t r o x i d e was d i l u t e d w i t h t h e h e l p o f DDW t o 15^  
b u f f e r e d osmium t e t r o x i d e . 
2 .17 .3 S t a i n i n g s o l u t i o n f o r P a r a f f i n - s e c t i o n s 
Haematoxyl in 
2 , 1 7 . 3 . 1 P repa ra t i on 
Haematoxyl in 2 gm 
Abso lu te a lcoho l 100 ml 
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Glycerin 100 ml 
Distilled Water 100 ml 
Glacial acetic acid 10 ml 
Potash alum (Kg SO^ Alg (804)3. 24 HgO in exess (10-14 g) 
Dissolve the haematoxylin in the alcohol before adding 
the other ingredients. The stain may be ripened naturally by 
allowing to stand in a large flask loosely stoppered with 
cotton wool, in a warm place and exposed to sunlight. The 
flask should be shaken frequently and ripening takes some 
weeks when good staining is attained on the test slide the 
solution if bottled should be filtered before use. 
2.17.4 Eosin 
2.17.4.1 Preparation 
Eosin 1 gm 
Distilled water 100 mm 
2.17.5 Cresyl Violet and Luxol Fast blue Staining Solution 
2.17.5.1 Reagent 
I) Luxol Fast blue 0.5 g 
methylated spirit 475 ml 
Distilled water 25 ml 
Acetic acid (10X) 2.5 ml 
II) Aqueous litium Carbonate 0.05% 
III) Cresyl Violet 100 mg 
Distilled water 100 ml 
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2.17.6 Staining Solution for alkaline Phosphatase (Gomori 1952) 
I) 3% (0.1M) solution of sodium glycerophosphate 5-10 ml 
2% (0.2M) solution of Ca Clg 20-26 ml 
10X (0.5M) solution of Mg Clg 0.5 ml 
Sodium barbital Powder 0.5-1.0 gm 
Distilled water to make 50 ml 
II) 258 Cobalt Sulphate Solution 100 ml 
III) 0.3X solution of yellow ammonium sulfide 100 ml 
2.17.7 Staining solution for semi-thin section 
2.17.7.1 Richardson's Method (1960) 
For staining of semi-thin plastic embedded sections. 
Solution A ^% Azure II in distilled water 
Solution B 2% Methylene Blue in distilled water 
Solution C 2% Borax (sodium teraborate in distilled 
water). 
2.17.7.1.1 Working solution 
Mix two parts per volume of solution A with one part 
per volume of solution B and solution C (Richardson, et al 
1960). 
2.17.7.2 Toluidine blue staining solution 
2.17.7.2.1 Reagent 
Toluidine blue 0.1 g 
2.5% Aqueous sodium carbonate 100 ml 
2.17.8 'On grid' staining solution 
2.17.8.1 Uranyl acetate 
1% solution in 70% Ethanol 
Uranyl acetate 1 gm 
70% Ethanol 100 cc 
2.17.8.2 Lead Citrate 
Lead nitrate Pb (N03)2 1.33 g 
Trisodium citrate-2 hydrate Nag (Cg Hg 07)2 ^^ a*^  1.76 g 
With 30 ml distilled water in 50 ml measuring cylinder, 
shake strongly for 1 minute then leave for 30 minutes to 
change to lead citrate - but off and on shakae it. Add 8 ml 
1 N Sodium hydroxide and make upto 50 ml with double 
distilled water. A light turbidity can be centrifugated. The 
solution has pH 12 and can be stored in refrigerator at 4°C 
for 6 month. 
2.17.9 Staining Solution for Cryostate Sections 
2.17.9.1 Zincon Staining Solution 
Zinc-zincon reaction (Hasan, 1977) Zincon (2-carboxy— 
2-hydroxy-5'Sulformazyl benzene). Under carefully controlled 
condition, this procedure yield results with an acceptable 
degree of precision and accuracy. 
2.17.9.1.1 Preparation of Zincon Staimimg Solution 
1. Dissolve 0.13 g of 2-carboxy-2'hydroxy-5' sulfoformazyl 
benzene (zincon) in 2 ml IN NaOH and dilute to 100 ml with 
double distilled water. 
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2. Buffer dilute 213 ml IN NaOH to 600 ml with D.D.W. 
water. Dissolve 37.3g KCl and 31.Og H3BO3 in the solution and 
dilute to 1:1 with D.D.W. 
3. Perfusion fluid to 100 ml of solution 1 add 200 ml 
solution 2 (or enough to bring pH to 9.5). 
2.17.9.1.1.1 Result 
The Zincon staining solution, which is deep red, forms 
a blue colour complex with zinc ions, especially in alkaline 
solution (pH 9-10). Cold knife, or cold microtome sections 
are undoubtedly best for the demonstration of natural tissue 
zinc. The zinc complex is stable over pH range of 8.5-10, 
whereas the copper zincon complex is stable in the pH range 
5.0-9.5. This difference in effect of pH permits the ready 
detection of zinc at pH 9.5-10, in the form of very light 
blue coloured cytoplasm and light brown nucleus. 
2.18 Cutting of blocks 
2.18.1 Paraffin Sections: 
Spencer's rotatory microtome was set for the desired (6 
um) thickness of sections. The section were obtained slowly 
with a very even stroke. 
2.18.1.1 Obtaining ribbons of sections: 
Upper and lower surface of the block were made parallel 
and a straight "ribbon' of section was obtained. The ribbons 
were floated on the surface of the warm water in water-bath. 
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When the sections were flattened out, a clean slide was 
immersed nearly vertically in the water bath. The surface of 
the slide coated with adhesive was then gently approximated 
to the end of the ribbon. The slide was gently raised with an 
even motion. As it touched the edge of the section, the 
section was adhered to it and the slide was drawn upward. The 
excess fluid on the slide was then allowed to drain out at an 
angle of about 60 to 65 degrees, for approximately 2 to 5 
minutes. 
2.18.1.2 Drying Sections on slides 
Slides were kept in an oven at 56 to 60° for 2 hours. 
2.18.2 Cryostat sections 
The slices of the rat brain were frozen on the freezing 
stage of a cold microtome. The blocks (slices) were 3 to 4 
mm, thick so as to minimize the risk of metal object disc 
striking the knife edge. The sections were cut at 20 um 
thickness with slow even motion. A clean slide was carefully 
lowered onto the section. In practice one edge of the glass 
side was rested on the knife surface about 1 inch beyond the 
section and the other end was lowered gently until it was 
1/2 to 1 inches from the knife face. The section was 
automatically transferred from cold knife to the relatively 
warm slide. 
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2.18.3 Semithin Sections: 
After trimming of blocks, 0.5 urn semi thin sections were 
cut, the floating sections were picked up from the water of 
the microtome boat by a loop about 3 mm in diameter made with 
copper wire mounted with paraffin on the tip of a match 
stick. They were transferred, one by one on a drop of DDW 
which was placed near the center of a labelled slides. The 
0.5 um sections were used for the orientation and 
identification of the layers in the thin section. 
2.18.4 Ultrathin sections 
After trimming of block face for ultra cut sectioning 
few more semi thin section (50 /iim) were collected from the new 
block face and the ultrathin section (Gold & Silver Grey in 
colour) were obtained by simply changing from coarse 
adjustment, which cut section in micrometer to the 
adjustment which cut sections in the thickness of nm 
(nanometer). The ultrathin sections on the surface of the 
water were stretched with the help of chloroform vapour, 
produced by passing a piece of rolled cotton soaked in 
chloroform several time just near the surface of the water. 
The ultrathin sections were examined through, binocular and 
were picked up by immersion of 300 mesh grids held with the 
help of a pair of fine forceps into the water bath while 
looking through the binocular. The ribbons were picked up on 
the duTT surface of the grids and the grids were placed on 
the surface of the filter paper. Their water was absorbed by 
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the filter paper. Afterafew minutes, the grids were stored in 
a grid box. 
2.19 Procedure for staining 
2.19.1 Histological Staining Methods for Paraffin Sections 
2.19.1.1 Haematoxylin and Eosin staining method 
2.19.1.2 Technique: 
1. De-wax sections 
2. Stain in haematoxylin in a jar, for 2-5 minutes 
3. Wash well in running tap water for 2-3 minutes 
4. Remove excess stain by decolorizing (differentiating) in 
0.5-1 percent hydrochloric acid in 70 percent alcohol for a 
few seconds. The blue staining of the haematoxylin is changed 
to red by the action of the acid. 
5. Regain the blue colour and stop decolorization by washing 
in alkaline running tap water for at least 5 minutes. 
6. Stain in 1 percent aqueous eosin for 30 seconds 
7. Wash off surplus stain in water 
8. Dehydrate in alcohol and clear in xylene 
9. Mount in synthetic resin medium (DPX) 
2.19.1.3 Results: 
Nuclei - blue to blue-black 
Cytoplasm Pink in colour 
99 
2.19.2 Luxol fast blue amd cresyl violet method 
The sections were dewaxed in xylene and brought to 90% 
alcohol and then stained in luxol fast blue solution at room 
temperature over night ( or at 56°C for 4-5 hours), rinsed in 
alcohol to remove excess of stain, washed in distilled water, 
treated with lithium carbonate solution for 5 to 10 seconds 
and rinsed several times with 70X alcohol until the gray 
matter in the sections became colourless. Sometimes when 70% 
alcohol failed to decolorize the gray matter, the sections 
were returned to lithium carbonate (5 to 10 seconds) and then 
rinsed again in 70S5 alcohol. After the gray matter appeared 
nearly colourless the sections were washed in running tap 
water and counter stained with cresyl violet for 10 minutes 
at 37°C, washed in distilled water, rinsed in 70X alcohol and 
then in 95X alcohol cleared in xylene and mounted in DPX. 
2.19.2.1 Procedure for demonstrating the alkaline 
phosphatase reaction in the rat brain. 
Dehydration was carried out in a refrigerator, clearing 
with two changes of chloroform 15 minutes each. The rest of 
the procedure was similar to that used for paraffin section. 
The Paraffin Sections were dewaxed in xylene and 
brought to DDW in the customary manner and incubated at 37°C 
in staining solution for alkaline phosphatase for 4 hours 
solution I washed in tap water for about 1 minutes and 
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immersed in solution II for 15 minutes. It was washed in tap 
water for 2 minutes and immersed in solution III for 60 
minutes and then washed with tap water. Dehydrated, cleared 
and mounted in DPX. 
2.19.3 Procedure for Perfusion staining of zinc in the rat 
brain (Hasan, 1977) 
Rats were deeply anesthetized with nembutal 35 mg/Kg 
body weight after opening the thoraxic cavity a polyethelene 
cannula was inserted into ascending aorta through the left 
ventricle. The right auricle was opened to allow a low 
resistance return of the perfusion fluid from the head. The 
perfusion was discontinued after 30 min. The skull was 
opened, the brain removed carefully and was cut into slices 
and immersed in the remaining perfusion solution for at least 
10 minutes at 4° C in refrigerator. 
2.19.4 Simplified Golgi Fast Technique (Lotfian, 1990-91) 
Procedure: 
After fixation of the brain by perfusion fixation method, the 
brain was kept in the remaining fixative solution for one 
week. After complete fixation, it was cut to 3 mm thick 
sections with the help of sharp razor blades and were 
immersed in a mixture of 1* osmium tetroxide and 35X 
potassium dichromate (Kg Crg Oy) for one week in dark. The 
tissues were washed in tap water and kept in 0.75X silver 
nitrate solution in DDW for another week in dark. The tissues 
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were washed in tap water and 0.5 mm thick sections were cut 
with the help of a sharp razor blade and were dehydrated in 
small jar. After complete dehydration, they were cleared in 
xylene for the at least 10 to 15 minutes and were placed one 
by one in the center of a clean slide. A drop of DPX were 
placed on the tissue and a cover slip was placed on it to 
make a permanent preparation. 
2.19.5 Procedure for staining plastic section 
After drying the sections, one series of slides were 
stained by toluidine blue and the other series by 
Richardson's staining solution on the hot plat for about 30 
to 60 seconds. The slides with the drop of stain were washed 
in running tap water to remove the excess of the stain. 
(The stain intensity depends mainly on the thickness of 
sections). 
2.19.6 Procedure of *on grid' staining 
The staining solution were centrifuged just before use. 
2.19.6.1 Uranyl acetate staining 
One drop of uranyl acetate was placed on a clean 
labelled glass slide, kept covered in a petridish. 
The grids were placed on the top of the staining 
solution in such a way to keep them floating, with the 
shining surface facing upwards, for at least 15 minutes. The 
grids were washed first in 10% alcohol and then in two 
changes of DDW and kept on a filter paper covered in a 
petridish. 
2.19.6.2 Lead citrate staining 
One drop of lead citrate was placed on a clean labelled 
glass slide kept covered in a petridish. 
The grids were placed on the top of the staining 
solution in such a way to keep them floating with the shining 
surface up, for at least 15 minutes. Few tablet of NaOH were 
also kept by the side of the slide in the covered petridish. 
The grides were washed in three changes of DDW and were kept 
on a filter paper covered in a petridish. After drying the 
grids were stored in the grid Box. 
2.20 Photography 
Photomic rog raphs t aken by O r t h o m a t camera f i t t e d on 
o r t h o p l a n l i g h t microscope. Black and w h i t e (OR . ASA 125) 
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and Konica Colour F i lm (SR- G 100 . 135) were used f o r 
l i g h t microscop ic s t u d i e s . Most o f the E l e c t r o n micrographs 
were o b t a i n e d on ' c u t f i l m s h e e t ' u s i n g P h i l l i p s 410 LS 
e l e c t r o n microscope. However, some E l e c t r o n micrographs were 
t a k e n on r o l l f i l m u s i n g CM-10 - P h i l l i p s e l e c t r o n 
microscope. 
2.21 Quantitative Biochemical Studies 
2.21.1 Proceedure f o r quan t i t a t i ve es t imat ion of zinc (Acid 
d igest ion) 
Frontal cor tex , cerebellum and medulla oblongata and 
hippocampus and hypothalamus were d i g e s t e d i n 7 ml ac id 
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mixture containing concentrated nitric acid and perchloric 
acid in ratio 5:1. After complete digestion the volume was 
made upto 8 ml, metals in this solution were determined by 
Flame Perkin - Elmer atomic absorption spectrophotometry. 
2.21.1.1 Washing of the glassware 
All glassware that were used in storage of samples and 
for analysis of minerals were cleaned in 3.2 N Nitric acid 
(For 24 h ) and rinsed with deionised water to avoid 
contamination with metals. 
2.21.1.2 Dissection of different parts of the brain 
The brain was removed rapidly, wiped free of adhering 
blood. The different regions were dissected out carefully 
and weighed separately. During the dissection and subsequent 
manipulation, care was taken to minimize contamination with 
extraneous metals. The brain was removed with the 
leptomeninges intact and transferred to a glass dish. The 
outer surface of the brain was then washed with deionized 
water, the leptomeninges stripped off from the cortical areas 
to be examined and the required pieces of brain were 
dissected out with stainless steel instrument. Samples were 
digested as given under 1.21.1. Trace element (zinc) level 
was determined by flame atomic absorption spectrophotometry. 
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2.21.2 Estimation of DNA: 
DNA was est imated accord ing t o the method o f Dische 
(1930) as f o l l ow ing : 
2.21.2.1 Reagents: 
i) 25 mg DNA was dissolved in 25 ml tris buffer of pH 7.0 
ii) Diphenylamine reagent: One gram of purified diphenylamine 
was dissolved in 100 ml of analytical grade glacial acetic 
acid and 2.8 ml of analytical grade concentrated sulphuric 
acid. It is convenient to prepare it immediately before use. 
iii) Recrystal lization of diphenylamine: 10 g diphenyleunine 
was boiled in about 25 ml hexane. The mixture was allowed to 
stand at room temperature and while stirringcrystals were 
filtered on sintered glass funnel (G-4). 
2.21.2.2 Procedure: 
One milliliter of the nucleic acid extract was mixed 
with 2.0 ml diphenylamine reagent and was heated for 10 min 
in boiling water bath. The intensity of the blue color was 
read at 600 nm. A standard curve with the different 
concentrations of DNA (100-600 meg) was drawn according to 
the same procedure as described above. The values were 
plotted by the least square method. 
2.21.3 Estimation of RNA 
RNA was estimated according to the method of Volkin et 
al (1964) as follows: 
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2.21.3.1 Reagents: 
i) Orcinol reagent: One g of purified orcinol was dissovled 
immediately before usue in 100 ml of concentrated HCl 
containing 0.5 g of FeCl3. 
ii) Purification of Orcinol: Since commerical orcinol can 
vary in color from light pink to brick red, so we have 
purified it. 10 g orcinol was boiled in 25 ml benzene and 
5.0 g charcoal was added to this mixture, for decolorization 
and filtered on sintered glass funnel (Q-4). A perfectly 
white crystal was obtained by adding hexane. 
2.21.3.2 Procedure: 
To 1.0 ml of nucleic acid extract 1.5 ml of orcinol 
reagent was added and the mixture was heated in boiling water 
bath for 20 min. The intentsity of the green color was read 
at 660 nm. A calibration curve with the different 
concentration of RNA (100-600 mc) was drawn according to the 
same procedure as described above. The values were plotted by 
the least square method. 
2.21.4 Estimation of protein: 
Protein was estimated according to the method of Lowry 
et at (1951) as follows 
2.21.4.1 Reagent: 
i) A standard of 1 mg BSA/ml was prepared in PBS. 
Reagent A: A% Sodium carbonate in D.D.W. 
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Reagent B: 2% copper sulphate in D.D.W. 
Regent C: A% Sodium potassium tartarate in distilled 
water. 
ii) Copper Reagent: Reagent A,B and C were mixed in the ratio 
100: 1:1 respectively at the time of the use. 
iii) Folin - Ciocaltau Reagent: A mixture consisting of 100.0 
g sodium tungstate (Nag W^ 0^ aHg O). 25.0 g of sodium 
molybdate (Nag MQ O^ ^ aHgO). 700.0 ml of double distilled 
water, 50.0 ml of 85SK phosphoric acid and 100.0 ml of 
concentrated HCl was refluxed in 2.0 liter flask for 10.0 
hours. To this mixture 150.0 g of lithium sulphate, 50.0 ml 
of double distilled water and few drops of bromine water was 
added and boiled for 15.0 min. without condenser to remove 
excess of bromine. The mixture was cooled, filtererd and 
volume was made up to 1.0 liter. This mixture was diluted 5 
time. 
Procedure: In a test tube 0.2 ml of the supernatant of IX 
homogenate was taken and 0.3 ml PBS was added and it was 
shaken for complete mixing after adding 5.0 ml of copper 
reagent. After 10.0 min 1.0 ml of diluted folin reagent was 
added and intensity of the color was read at 700 nm after 30 
min. A standard curve of different concentration of BSA (100 
meg to 600 meg) was plotted in the same way as described 
above. 
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2.21.5 Estimation of Alkaline phosphatase 
(Orthophophoric monoester phosphohydrolase EC 3.13.1) 
activity was investigated according to Bessay et al 1946. 
Procedure: 
The substrate containing 6 um p-nitrophynyl phosphate 
and 3 um Mg clg, eHgO in 0.2 M bicarbonate buffer pH 9.5 The 
final volume of 1.5 ml was adjusted with 0.1 ml of brain 
sample. Assay mixture was incubated for 30 min at 37°C and 
reaction was stopped with 0.4 ml NaOH (0.1M). The absorbance 
of the color developed (light Pale) was recorded at 410 nm in 
spectrophotometer and compared with appropriate standred 
solution of P. nitrophenol. The enzyme units were expyj-essed 
as uM P. nitrophenol released/ min/ ml brain sample. 
2.21.6 Estimation of Superoxide dismutase (SOD) 
Total SOD activity was measured according to the method 
of Marklunds and Marklund (1974) 
auto oxidation 
Pyrogallol + Og >Product of oxidation + Og 
SOD 
202~+ 2 H"^  > Og + Hg Og 
a) Tris succinate buffer (0.05 Mo/lit pH 8.2), dissolve 606 
mg Tris in approximatelly 60 ml DDW, add and dissolve in this 
solution 39.3 mg EDTA. 
Adjust the pH value at 25° exactly to 8.2 with succinic 
acid solution and make up to 100 ml with DDW. 
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b) Succinic acid solution (0.05 ml/lit) dissolve 590 mg 
succinic acid in 100 ml DDW 
c) Pyrogallol solution. Dissolve 100 mg pyrogallol in 100 ml 
DDW prepare the solution freshly every day. 
Procedure: Different saline cleaned Parts were homogenized 
{10% W.V) in chilled 0.15 M KCL and centrifuged in cool at 
10.000 vpm for 75 min from the supernatant used as sample 
solution. 0.05 ml/ was takne in the test tube and 2.85 ml 
Tris succinate buffer (0.05 m, pH 8.2) was added to it and 
were mixed well and icubated at 25° for 20 minute. The 
reaction was started there after by adding 0.1 ml pyrogallol 
solution. The contents were shaken well and changed in 
absorbance per minute was immediately monitored at 420 nm for 
3 minutes on the Backman DU-6 Uv/vis spectrophotometer. A 
reference set was also run similarly consisting of 0.05 ml 
DDW instead of no sample solution. 
(A/min ref - A/min sample) 3.0 
SOD activity = 
A/min ref 
X 0.05 X 1 
2 
Un i ts / ml sample so lu t ion (10 mg t i ssue) 
where A /min ref = Change in aborbance/ min in reference 
set 
A/min sample = change of absorbance/ min in sample set 
One un i t i s equal to the amount of enzyme which causes a 50% 
i n h i b i t i o n o f a u t o - o x i d a t i o n o f p y r o g a l l o l under any 
cond i t ion . 
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3. RESULTS 
3.1 Zinc Deficiency 
3.1.1 Effect of dietary zinc deficiency on food consumption, 
body weight, brain weight, and fetal resorption. 
It was noted that pregnant female rats, given zinc 
deficient diet, have reduced food intake after 4-5 days. Dams 
receiving zinc deficient diet from day 0 of gestation were 
diagnozed pregnant on day 7 but none of these pregnancies 
continued to term. Therefore, the consequences of short-term 
zinc deficiency for fetal rat brain development from 
gestation day 12th to term completion was considered. Female 
rats fed zinc deficient diet from day 12 to 21th 
of gestation produced fetuses with reduced body size 
(Fig.6). Mean fetal body weight in zinc deficient dams was 
3.5 g and mean brain weight was 200 mg (Fig.7 left side) as 
compared with those of the control group (Fig.7 right side) 
whose mean body weight was 5.3 g and mean brain 
weight was 240 mg (Fig.5). The zinc deficient group showed 
high incidence of congenital malformation (Fig.6). 
Hydrocephalus was observed in the form of enlarged fourth 
ventricle (V), Fig. (8), however, in some cases, hydro-
cephalus could also be recognized on gross examination by 
their dome-shaped cranium (Fig.6). Skeletal malformation in 
fetuses was marked by reduced trunk size (Fig.6). Although in 
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some cases the fetuses were resorbed (Fig.9). The control 
group (Fig.5) showed normal appearance of the fetuses. 
3.2 Structure of cerebral cortex 
a) From superficial to deep layer, the cerebral cortex is 
composed of 
1) Cortical plate having comparatively high cell population 
density 
2) The intermediate zone between cortical plate and 
germinal cell layer with reduced cell population 
3) Germinal cell layer or periventri-cular region, composed 
of highly compact dark straining cells in which the 
cellular organelles are not formed. 
The cortical plate was the area of interest in our 
study. As the cells are better differentiated in this region, 
the ultrastructural studies were focused on this region. 
3.3 Developing Rat CNS 
The development of c e n t r a l nervous system i n v o l v e s 
p r e c i s e l y t i m e d s e r i e s of e v e n t s t h a t i n c l u d e c e l l 
p r o l i f e r a t i o n , m i g r a t i o n , e x t e n s i o n of p r o c e s s e s , 
synaptogenesis and c e l l death. 
3 .3 .1 Neuronal Migrat ion 
L i g h t and e l e c t r o n m i c r o s c o p i c a n a l y s i s has been 
c a r r i e d ou t t o compare the m i g r a t i o n o f neurons and t h e i r 
I l l 
morpho log ica l a l t e r a t i o n s i n c o n t r o l and exper imenta l f e t a l 
group. 
3 . 3 . 2 Granule c e l l l aye r m i g r a t i o n i n f e t a l r a t b r a i n 
cerebellum 
H i s t o l o g i c a l and u l t r a s t r u c t u r a l s t u d i e s o f c o n t r o l and 
e x p e r i m e n t a l f e t a l r a t b r a i n c e r e b e l l u m was c o n f i n e d t o 
g r a n u l e c e l l l a y e r . The o u t e r g r a n u l e c e l l l a y e r i n t h e 
c o n t r o l group c o n s i s t s o f densely popu la ted c e l l s arranged i n 
rows ( F i g . 10,12,14) t h e i r i r r e g u l a r shaped n u c l e i possessed 
homogeneous d i s t r i b u t i o n o f ch romat in w i t h a n u c l e o l u s . They 
were surrounded by a t h i n l a y e r o f cy top lasm. The granu le 
c e l l s i n t he c e r e b e l l u m f r o m s e v e r e z i n c d e f i c i e n t g roup 
fe tuses were d ispersed i n a u n i f o r m c e l l popu la t i on d e n s i t y 
( F i g . 1 1 , 13, 2 5 ) . 
3 . 3 . 3 D i f f e r e n t type of neurons i n c o r t i c a l p l a t e o f 
cerebrum and cerebe l la r granule c e l l l ayer . 
Three types o f neuron were observed these reg ions ( F i g . 
15, 16) . 
( a ) F i r s t t y p e o f c e l l s w e r e s h o w i n g h o m o g e n e o u s l y 
d i s t r i b u t e d c h r o m a t i n m a t e r i a l and a p e r i p h e r a l l y p l a c e d 
n u c l e o l u s . These were c e l l s programmed t o form the f u t u r e 
neurons. 
(b ) The second t ype o f c e l l s were s i m i l a r t o t h e f i r s t 
excep t t h a t t he n u c l e o l i were n o t d i f f e r e n t i a t e d . These 
c e l l s may be p r o g e n i t o r s o f t he f u t u r e n e u r o g l i a l c e l l s . 
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(c) The third type of cells, differed markedly in electron 
density, as they exhibited, dense homogeneously dispersed 
chromatin with a nucleolus. They are probably not programmed 
to form any special cell, but at the time of need they can 
form either type of cells mentioned above (or even in times 
of emergency change to microglial cells) (Fig.16). 
3.3.3.1 Astrocytes 
No remarkable structural and size differences were 
observed between astrocytes and neurons, the cells which did 
not possess a nucleolus were considered as progenitor of the 
cells which will form future astrocytes. These cells have 
spherical shaped nuclei with an evenly dispersed chromatin 
material the cytoplasm contain few mitochondria, with some 
isolated cisternae of the rough endoplasmic reticulum 
(Fig.16). 
One of the function of astrocytes is to separate the 
neurons from other tissue. To achieve this, astrocyte 
processes ed-feet at both the surface of blood vessels and at 
the outer surface of the cerebral cortex, where they form the 
glial limiting membrane beneath the pia mater (Peters et al 
1976). 
3.3.3.2 Oligodendrocytes 
The oligodendrocytes in fetal rat cerebral cortex are 
recognized by their rather dark nuclei and cytoplasm with 
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dark matrix in which the c e l l u l a r organel lae are d i f f i c u l t to 
be d i s c e r n e d , bu t t hey i n c l u d e m i t o c h o n d r i a , rough 
endoplasmic re t icu lum (rER) (F ig . 36, 51) . 
3.3.3.3 Microglia 
In light and ultrastructural studies of the cerebral 
cortex of fetal rat brain, the astrocytes and microglia were 
difficult to differentiate from each other. 
3.3.3.4 Pericytes 
Pericytes are associated with blood vessels in CNS. The 
pericytes are easily identified because they are surrounded 
on all sides by basal lamina (Fig.62). In transverse 
sections of capillaries from fetal rat cerebral cortex, the 
pericytes display rather elongated nuclei with heterogeneous 
chromatin, with a thin irregular condensed layer of chromatin 
beneath the nuclear envelope. 
3.3.3.5 C a p i l l a r i e s 
The c a p i l l a r i e s appears in the f e t a l r a t brain a f te r 
day 10 of gesta t ion (Personal communication from Prof. Dr. 
Mahdi Hasan). 
The basal lamina of the endothe l ia l c e l l s was s p l i t to 
enclose the p e r i c y t e which sur rounds t h s c a p i l l a r y . The 
e n d o t h e l i a l c e l l nuc leus bu lges i n t o t h e lumen of t he 
cap i l l a r y (F ig .62 ) . 
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3 .3 .4 Necros is 
D i f f e r e n t t ype o f c e l l nec ros i s observed i n z inc d e f i c i e n t 
group f e t u s e s : 
1 . The f i r s t t y p e o f n e c r o s i s showed c o n d e n s a t i o n and 
f r agmen ta t i on o f c e l l s . 
2. Clumping o f chromat in i n t o a l a rge p o l a r p laque, which 
i s c h a r a c t e r i s t i c o f pykno t i c n u c l e i ( F i g . 6 9 ) , 
3. Nuclear f r agmen ta t i on ( F i g . 7 2 ) . 
4 . Swo l len c e l l w i t h a nuc leus h a v i n g reduced c h r o m a t i n 
m a t e r i a l ( F i g . 7 2 ) w i t h s w o l l e n r o u g h e n d o p l a s m i c 
r e t i c u l u m ( F i g . 7 3 ) . 
5. P y k n o t i c c e l l ( F i g . 5 0 ) s h o w i n g d i s r u p t e d n u c l e a r 
membrane ( F i g . 7 8 ) and f l o c c u l a r c l e a r i n g ( F i g . 7 9 ) . 
6. Formation of phagocytic cells (Fig.60). 
A d e t a i l e d e x a m i n a t i o n o f t h e n e u r o n s , n e u r o g l i a l 
c e l l s , p e r i c y t e s and p a t t e r n o f n e u r o n a l n e c r o s i s and 
f o rma t i on o f microphages revea led s u b s t a n t i a l d i f f e r e n c e s 
be tween c o n t r o l and e x p e r i m e n t a l g r o u p s . Howeve r , no 
d i f f e r e n c e i n h i s t o l o g i c a l f e a t u r e s o f the f e t a l r a t b r a i n 
from c o n t r o l group fed a d - l i b i t u m and pa i red fed group were 
seen ( F i g . 3 9 - 4 0 ) . 
Different form of neuronal necrosis were present in the 
experimental fetal rat brain. They were present in the form 
of isolated cell necrosis in all the fetuses examined from 
severe zinc deficient groups (Fig.25, 26, 47). Only half of 
the fetuses in the case of mild zinc deficiency showed groups 
of necrotic cells in the cortical plate of the cerebral 
cortex. (Fig.68-71). Formation of microphages were common in 
the severe zinc deficient group and mild zinc deficient group 
fetuses. 
3.3.5 Ultrastructural changes in zinc intoxicated group: 
1. Formation of electron dense bodies in the form of intra 
nuclear inclusion (Fig.89-90). 
2. Cell cytolysis by way of formation of electron dense 
granules in the perikaryon (Fig.89-90). 
3.3.5.1 Nerve Fibres 
3.3.5.2 Different type of degenerating nerve fibres in zinc 
deficient groups fetuses: 
1. Degenerating nerve fiber in the form of different size 
electron dense material surrounded by neuropil, showing 
normal structure (Fig.22, 36). 
2. Appearance of degenerating nerve fibre in the form of 
individual or groups of dark fiber in the neuropil, 
which still shows some of organization of nerve fibers 
(Fig.52-53). 
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3 . 3 . 5 . 3 D i f f e r e n t form of degenerat ing nerve f i b r e s 
i n zinc intoxicated male rat brain: 
1. Disrupt ion and separat ion of myelin lamellae wi th the 
formation o f e l e c t r o n dense m a t e r i a l l i p o f u s c i n 
(F ig .13) . 
2. S p l i t t i n g o f m y e l i n shea th w i t h t h e appearance of 
l i po fusc in (F ig .94 ) . 
3. Degenerating nerve f i b e r showing formation of d i f f e ren t 
s ize vacuoles w i th per iphera l l y e lec t ron dense material 
l i po fusc in in the neuropi l (F ig .91) . 
3.3.5.4 Zinc I n t o x i c a t i o n 
Ultrastructural studies revealed significant alteration 
in the myelin sheath organization. Myelin consists of many 
layers of modified cell membranes. These membranes have a 
higher proportion of lipid than other cell membranes. Close 
examination of Fig. (94) reveals continuous dark likes 
alternating with more diffuse light lines. The regular dark 
lines are called major dense lines and represent the line of 
fusion of cytoplasmic surfaces of Schwann cell membranes. 
The 'less regular lines are called intraperiod lines and are 
sites of close contact, but not fusion of the extracellular 
surfaces of adjacent layer of schawann cell membrane. 
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The myelinated nerve f i b r e showing sign of degeneration 
in the form of disrupted and separat ion of myelin lamellae 
w i t h fo rmat ion of e l e c t r o n dense g ranu les i n between the 
myel in sheath lamel lae ( F i g . 9 3 - 9 4 ) . Some of the nerve 
f i b r e s showing s p l i t t i n g mye l i n sheath w i t h f o r m a t i o n of 
e lec t ron dense granules. 
The m i c r o g l i a l c e l l s showed s i gn of c y t o l y s i s and 
formation of in t ranuclear inc lus ions (Fig.89) (ar row), and 
e lect ron dense granules clumping up in the v i c i n i t y of the 
nuclear membrane (F ig .89) . 
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3.3.6 Quantitative Biochemical Studies 
3.3.6.1 Zinc intoxicated group 
3.3.6.1.1 Quantitative estimation of zinc 
Using flame atomic absorption spectrophotometry to 
estimate zinc concentration in various regions of rat brain, 
the highest concentration of zinc was found to be present in 
the region of hippocampus (Table 1). The brain zinc 
concentration was reduced in various region of brain in 
experimental animal receiving 5mg/Kg body weight zinc in the 
form of zinc chloride for six consecutive day. 
TABLE 1 
Rat brain zinc concentration in jug/g fresh tissue after 
receiving 5 mg/kg body weight zinc in the form ZnCl2 
intraperitoneally for six consecutive days. 
Sample of tissues Control Experimental 
Cerebrum 52.12+0.5 39.72+0.5 
Hippocampus 81.73 + 0.7 64.28 + 0.6 
Hipothalamus 65.18 + 0.4 60.97 ± 0.8 
Cerebellum 49.27+0.3 32.11+0.9 
Medulla 57.84 + 0.8 51.36 + 0.6 
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3.3.6.2 Zinc deficient group 
3.3.6.2.1 Quantitative estimation of protein 
The level of protein was estimated in whole fetal rat 
brain at gestation period day 15, day 18 and day 21st in 
control group. There was an decrease in the level of protein 
with increased gestation period (Table 2). The fetuses from 
dams kept on zinc deficient diet from gestation day 12 to day 
15 the level of protein was reduced as compared to control 
group. 
TABLE 2 
Ef fec t of zinc def ic iency on the level of p ro te in on whole 
f e t a l r a t b r a i n f r o m g e s t a t i o n day 12 t o 15 and i t s 
a l t e r a t i o n wi th gesta t ion per iod . 
Gestation period Control Experimental % change 
in days 
15 days o ld fe tus b ra in 3.554 + .010 2.947 + .005 -17 
18 days old fe tus bra in 2.877 + .007 
21 days old fetus bra in 2.574 + .003 
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3.3.6.3 Quantitative estimation of DNA 
The level of DNA was estimated in whole fetal rat brain 
at gestation period day 15, day 18 and day 21st in control 
group. There was an increased in the level of DNA with 
increased gestation period (Table 3). The fetuses from dams 
kept on zinc deficient diet from gestation day 12 to day 15 
the level of DNA was reduced as compared to control group. 
TABLE 3 
Effect of zinc deficiency on the level of DNA on whole fetal 
rat brain from gestation day 12 to 15 and its alteration with 
gestation period. 
Gestation period Control Experimental % change 
in days 
15 days old fetus brain 1.165 + .002 1.028 + .004 -12 
18 days old fetus brain 2.247 + .006 
21 days old fetus brain 2.584 + .005 
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3.3.6.4 Quantitative estimation of RNA 
The level of RNA was estimated in whole fetal rat brain 
at gestation period day 15, day 18 and day 21st in control 
group. There was an decrease in the level of RNA with 
increased gestation period (Table 4). The fetuses from dams 
kept on zinc deficient diet from gestation day 12 to day 15 
the level of RNA was significantly reduced as compared to 
control group. 
TABLE 4 
Effect of zinc deficiency on the level of RNA on whole fetal 
rat brain from gestation day 12 to 15 and its alteration with 
gestation period. 
Gestation period Control Experimental % change 
in days 
15 days old fetus brain 2.439 ± .006 1,004 + .004 -59 
18 days old fetus brain 1.623 + .003 
21 days old fetus brain 1.127 + .002 
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3.3.6.6 Quantitative estimation of alkaline phosphatase 
activity 
The alkaline phosphatase activity was estimated in 
whole fetal rat brain at gestation period day 15, day 18 and 
day 21st in control group. There was an increase in the 
level of alkaline phosphatase activity with increased 
gestation period (Table 5). The fetuses from dams kept on 
zinc deficient diet from gestation day 12 to day 15 the level 
of alkaline phosphatase activity was reduced as compared to 
control group. 
TABLE 5 
Effect of zinc deficiency on the level of alkaline phosphate 
activity in whole fetal rat brain from gestation day 12 to 15 
and its alteration with gestation period. 
Gestation period Control Experimental % change 
in days 
15 days old fetus brain 5.985 ± 0.041 5.379 ± 0.047 -10 
18 days old fetus brain 6.904 + 0.045 
21 days old fetus brain 7.827 + 0.050 
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3.3.6.9 Quantitative estimation of superoxide dismutase 
(SOD) 
The SOD activity was estimated in whole fetal rat brain 
at gestation period day 15, day 18 and day 21st in control 
group. There was an increase in the level of SOD activity 
with increased gestation period (Table 6). The fetuses from 
dams kept on zinc deficient diet from gestation day 12 to day 
15 the level of SOD activity was significantly increased as 
compared to control group. 
TABLE 6 
Effect of zinc deficiency on the level of total superoxide 
dismutase (SOD) activity in whole fetal rat brain from 
gestation day 12 to 15 and its alteration with gestation 
period. 
Gestation period Control Experimental % change 
in days 
15 days old fetus brain 0.121 + .001 0.180 + .003 +49 
18 days old fetus brain 0.182 + .002 
21 days old fetus brain 0.204 + .004 
[0)Og(S(y]ggS(o)[ji). 
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4. DISCUSSION 
4.1 Zinc deficient diet: 
Three ppm (part per million) zinc available in the diet 
is the approximate minimal level necessary for the 
maintenance of pregnancy in rats,without available zinc store 
(Apgar, 1969). 
In this study zinc deficiency was produced in dams by 
giving zinc deficient diet containing 0.3 ppm zinc from 
gestation day 12 to term completion, no apparent maternal 
deficiency sign was produced in the dam, while zinc 
deficiency was teratogenic in fetuses (Fig.5) shows 
hydrocephalous fetuses from severe zinc deficient group. 
The aim of this study was to produce prenatal zinc 
deficiency, by use of zinc deficient diet, and to compare it 
with a diet which inhibits absorption of zinc such as cereals 
which are rich in phytic acid. Presence of high amount of 
phytic acid in food can cause mild zinc deficiency in certain 
conditions. In this study administration of a zinc deficient 
diet as late as 12 days to term completion resulted in 
pregnancy to term in some dams. The fetuses from dams which 
maintained pregnancy to term were further studies. 
Clinical manifestations ranging from mild to severe 
zinc deficiency have now been recognized in humans. Zinc is 
required for many biological functions, including DNA, RNA 
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and p r o t e i n s y n t h e s i s , (Sands tead e t a l . , 1969) c e l l 
d i v i s i o n , (Taylor , 1982) and gene expression, ( M i l l e r , e t 
a l . , 1985 and Kluge, 1987). I t i s a l so r e q u i r e d f o r the 
a c t i v i t y of many enzymes in b io log ica l system. Large pools of 
zinc e x i s t in some t issues of the body (muscle and l i v e r ) , 
bu t t h i s z i n c i s n o t r e a d i l y m o b i l i z e d . D u r i n g z i nc 
d e f i c i e n c y t h e r e i s e i t h e r a sma l l d e c l i n e i n the 
concentrat ion of zinc i n these t issues or no changes at a l l 
( H u r l e y , e t a l . , 1 9 7 1 ) . Severe z i n c d e f i c i e n c y d u r i n g 
pregnancy r e s u l t s in embryonic dea th , smal l f e t u s e s and 
malformation (Hurley 1966). 
S e n s i t i v i t y of the fetuses t o zinc def ic iency i s pa r t l y 
due to the need f o r zinc during neurogenesis and f o r normal 
formation of the cent ra l nervous system. Biochemical ly, the 
t e r a t o g e n i c i t y of z inc d e f i c i e n c y i s w i d e l y a s c r i b e d t o 
impaired nucleic acid synthesis during embryonic development 
(Dreosti e t al 1972) r esu l t i ng in asynchrony of histogenesis 
and organogenesis f o r normal morphogenesis ( H u r l e y e t a l 
1972) . C o n s i d e r a b l e e v i d e n c e sugges ts t h a t d i m i n i s h e d 
a c t i v i t y of the zinc dependent enzyme, thymidine k inase, may 
be an important f a c t o r r espons ib l e f o r reduced m i t o t i c 
a c t i v i t y , (Duncan et al 1975). since t h i s enzyme i s widely 
r e c o g n i z e d t o r e p r e s e n t a r a t e l i m i t i n g s t e p i n DNA 
biosynthesis. 
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Female rats are more willing to copulate with male rats 
whose faeces they have come in contact with. Absorption of 
zinc, as of certain other minerals from the gastrointestinal 
tract, is decreased by phytic acid. Therefore,the rat faeces 
was considered as an important source of micronutrient. If 
the diet consumed by rats was rich in phytic acid, jt was 
noted that dams fed peas soaked in water from gestation day 0 
and individually housed failed to deliver on term completion. 
On the other hand, the dams which were housed along with a 
male produced pups at term, suggesting that the absence of 
male rats during gestation period resulted in mild zinc 
deficiency and inability of the dams to deliver at terms. It 
was concluded that mineral content's of male rat faeces is of 
vital importance for the normal development of fetuses and 
for parturition in dam. 
4.2 Plan of work 
The role of zinc deficiency on the prenatal development 
of the fetal rat brain has been evaluated. Combined 
histomorphological, histochemical, quantitative biochemical 
and ultrastructural investigation have been carried out on 
fetal rat brain (Day 15 to Day 21) and the dams. The effects 
of zinc neurotoxicity in the adult male rat have been 
considered with estimations of zinc concentration in various 
regions of the control and intoxicated rat brain. Zinc-zincon 
reaction (Hasan, r977) has been utilized for -histochemical 
demonstration of zinc in the rat brain. 
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4.2 Morphological studies 
4.2.1 Light microscopy: 
I t a l lows revea l i ng only pronounced changes of the 
neurons and n e u r o g l i a but the d e t a i l s o f these changes 
escape the grasp of the researcher. They can only be studied 
wi th the a id of e lec t ron microscopy, i n p rac t i ce , however, 
t h e r e i s a w ide gap between the e l e c t r o n and l i g h t 
microscopic s t u d i e s . E lec t ron m i c roscop i c f i n d i n g s are 
hard ly comparable w i t h the l i g h t m i c r o s c o p i c f i n d i n g on 
P a r a f f i n s e c t i o n o f t h e same m a t e r i a l because of the 
d i f f e rences i n p repa ra t i on t e c h n i q u e s . I n o rde r t o avoid 
t ha t , a combined l i g h t microscopic s tudies of p l a s t i c section 
and e lec t ron microscopic study of the same m a t e r i a l was 
conducted. Samples from the contro l and experimental material 
were f i x e d i n m i x t u r e o f 3% p a r a f o r m a l d e h y d e and 3% 
glutaraldehyde. then in osmium, there a f t e r dehydrated and 
embedded in epoxy resins ( a r a l d i t e ) which are most commonly 
used media f o r embedding t issues f o r e lec t ron microscopic 
s tudy. In t h i s way the blocks were p r e p a r e d . Semi - th in 
P las t i c sect ions (0.5 -1 micrometer) were obtained f i r s t and 
studied under the l i g h t microscope, a f t e r the conventional 
s ta in ing wi th t o l u i d i n e blue as wel l as the specia l s ta in ing 
technique described by Richardson ( I960 ) . The data obtained 
from the semi- th in sect ions are a br idge, between the l i g h t 
and electron microscopic studies and they permit comparison 
between the p ic tu res of the same preparat ion seen by means 
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of both types o f microscope. Th is i s the r i g h t way to 
compare the appearance of a ce l l under the l i g h t and electron 
m i c r o s c o p e s . I n t h i s c o n n e c t i o n , i t i s w o r t h w h i l e t o 
emphasize that in the l i g h t microscopic s tudies of the semi-
t h i n sec t ions i t i s a lso f e a s i b l e t o i d e n t i f y the basic 
pat tern of the changes in the neurons. I t fo l lows from the 
data shown in Figs.45,46,47 that the p ic tu res of changes in 
the c e l l s i n p a r a f f i n e d and s e m i - t h i n s e c t i o n s b a s i c a l l y 
co inc ide . A lso , i t i s eas ie r t o o r i e n t a t e the areas of 
i n t e r e s t in s e m i - t h i n sec t i ons f o r an i n - d e p t h d e t a i l e d 
eva lua t ion by subsequent examinat ion of t he u l t r a - t h i n 
s e c t i o n s o b t a i n e d f r om the same b l o c k . C l e a r l y , the 
morphological changes ' l ag behind' in t ime from biochemical, 
physiological and c l i n i c a l signs of over t z inc def ic iency on 
the neurons or n e u r o g l i a in the v a r i o u s reg ions of the 
developing f e t a l r a t b ra i n , in p a r t i c u l a r , one of the most 
important i nd ica t ions in l i g h t microscopic studies is the 
s tate of nucleus and per ikarya l Nissl substance. I t i s worth-
whi le to mention a c l a s s i f i c a t i o n o f nerve c e l l s based 
p r imar i l y on nucleus-cytoplasm re l a t i onsh ip , the s t ructure 
and d i s t r i b u t i o n o f N i s s l subs tance i n t h e cy top lasm 
(Einarson, i 9 6 0 ) . According t o t h i s c l a s s i f i c a t i o n the 
fo l lowing types of c e l l s are d is t ingu ished: 
1. Somatochromic nerve c e l l s : With a wide band of cytoplasm 
around the nucleus, w i th well-developed Niss l granules. Such 
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nerve cells in their turn are subdivided into (a) 
strychochromic cells in which the Nissl substance consists of 
large polygonal, triangular and other kinds of corpuscles (b) 
archichromic cells in which Nissl bodies are arrange as a 
network (c) Cryochromic cells in which Nissl bodies are small 
granules evenly scattered within the cytoplasm. 
2. Karyochromic: Cells in which the nucleus is surrounded 
by a narrow ring of cytoplasm with lesser amount of Nissl 
granules in the latter, these may be sub-divided into (a) 
hypokaryochromic and (b) hyperkaryochromic cells great 
diversity in the content of Nissl bodies in the nerve cells 
in health was emphasized in the quantitative studies by 
Pachenberg (1963). 
It should be noted that pathomorphological changes in 
the nerve cells in any form of trace metal deprivation / 
toxicosis have some general tendencies, though each of them 
causes only some of the features of the pathology of the 
neurons. To identify the basic patterns of pathomorphological 
changes in developing nerve cells in zinc deficiency 
syndrome, combined light microscopic (both paraffined and 
semi-thin section plastic embedded material) and 
uttrastructural studies were utilized. 
4.2.2. Electron Microscopic Studies 
The typical picture of zinc deficiency may be 
delineated as follow on the background of homogeneous, devoid 
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of Niss l granules cytoplasm, which took darker colour than 
normal. The pyknomorphous nucleus can be iden t i f i ed c lear ly , 
the nucleus may become i r r e g u l a r , invaginated. or rod-shaped. 
There are a lso c e l l s i n a s t a t e of acute s w e l l i n g . The 
polymorphism of changes i n the s t r u c t u r e i s s t r i k i n g . A 
common form of damage t o nerve c e l l s i s t h e i r homogenizing 
change pyknotic c e l l s are also common, in z inc intoxicated 
ra t b ra in . A frequent pa t te rn of changes is the presence of 
mu l t ip le l i p i d and l i po fusc i n inc lus ion in the perikarya. 
In e lec t ron microscopic s t u d i e s , i t i s essen t ia l to 
observe very thorough ly the methodica l approach to the 
e x p e r i m e n t s , s i n c e t h e a r t i f a c t s which appear d u r i n g 
f i x a t i o n , d e h y d r a t i o n , embedding, u l t r a - m i c r o t o m y and 
s ta in ing may both simulate or disguise the pathocytological 
changes. Sometimes such methodo log ica l a r t i f a c t s may be 
descr ibed as s igns of c e l l pa tho logy , p repa ra t i ons of the 
brain t issue fo r e lec t ron microscopic studies have t he i r own 
p e c u l i a r i t i e s and problems which have been tackled w i t h i n 
special monographs (See 2 . 8 . 1 ) . 
4-2.2.1 Zinc deficiency 
Quantitative biochemical studies (Table-3) indicated 
that zinc deficiency reduces the DNA synthesis in fetal rat 
brain. The loss of DNA during zinc deficiency in developing 
fetal rat brain where the cell divisions follow very closely 
upon each other, there is a strong possibility that a mistake 
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may occur during replication, the cells with wrongly 
replicated DNA are eliminated by necrosis (Ernst, 1962). The 
good fixation of neighbouring cells in the vicinity of 
necrotic cells »however, seems to eliminate the possibility 
of fixation artifact and post-mortem autolysis. 
In severe zinc deficiency, different types of isolated 
necrotic cells were observed situated far apart from each 
other, while in case of mild zinc deficiency necrotic 
cells were placed close together (Fig.68-71). 
Figures 20,21,24,46,65 show that the cell 
proliferation in the form of mitotic cell division exists in 
the control and experimental fetal rat brain. Severe zinc 
deficiency was produced in dams from day 12 of gestation. In 
this case,the proliferating cells in the cortex were usually 
in the form of isolated cells. As the zinc deficiency 
produced its effect on proliferating cells, therefore, the 
necrotic cells were located far from each other. 
On the other hand, in the case of mild zinc deficiency 
where zinc deficiency were produced from gestation day 0, the 
mass of proliferating cells was affected and caused the 
formation of large necrotic regions in the cerebral cortex of 
the fetuses (Fig.68-71). 
Cerebellar morphology is adversely affected by severe 
postnatal zinc deficiency (Dvergsten, 1981). The number and 
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migra t ion of granule c e l l s are a l so depressed . P u r k i n j e , 
baske t and s t e l l a t e c e l l d e n d r i t i c a r b o r i z a t i o n s are 
deformed and suppressed and pa ra l l e l f i b r e s are decreased 
(Dvergsten, 1981). 
In the present study deal ing wi th severe prenatal zinc 
de f i c i ency from g e s t a t i o n day 12 t o term c o m p l e t i o n , the 
morphology of the cerebel lum was markedly a f f e c t e d . The 
granule c e l l layer was d i f f e r e n t i a t e i n t o o u t e r and inner 
granule ce l l layer i n the cont ro l group fetuses (Fig.10,12) 
whi le the cerebellum from fetuses belonging t o severe zinc 
def ic iency group showed a uniform c e l l populat ion densi ty, 
(F ig . 11,13) po in t ing to depressed migrat ion of the granule 
c e l l s dur ing f e t a l r a t b ra in development i n severe z inc 
de f i c i en t group. 
4 .2 .2 .2 U l t r a s t r u c t u r a l changes i n zinc i n tox i ca ted ra t brain 
4 .2 .2 .2 .1 Neurons 
U l t r a s t r u c t u r a l changes i n z inc i n t o x i c a t e d i n r a t 
bra in were marked by in t ranuc lear inc lus ion (F ig .89 ,90 ) . 
4 .2 .2 .2 .2 Neuropil 
It has been suggested that zinc plays a key role in the 
structure and function of biomembranes (Bettger et al 1981). 
The neuropil in zinc intoxicated animals shows signs of 
degeneration in the form of splitting of myelin membrane 
(Fig.94) and formation of electron dense granules , 1ipofuscin 
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(Fig.93)-In general, zinc intoxication increases the 
formation of electron dense material, especially in the 
neuropi1. 
In biochemical studies, the concentration of zinc in 
the intoxicated rat brain was reduced. As zinc is important 
for the maintenance of the structure and function of 
biomembranes> its reduction in the brain might have caused 
damaged to myeline membranes and formation of electron dense 
bodies in nerve fibers. Some degenerating nerve fibers 
showed formation of lipofusien material in the vicinity of 
myelin sheath. 
4.2.3 Quantitative biochemical studies 
4.2.3.1 Zinc intoxication 
Table-1 shows that the concentration of zinc was 
reduced in all region of brain in experimental rats, 
receiving 5 mg/kg body weight zinc intraperitoneally. Based 
on this observation, and that of Ebadi et al (1984), that 
intraperitoneal administration of zinc sulphate did not 
stimulate the synthesis of any zinc binding protein in the 
rat brain. It is concluded that peripherally administered 
zinc gets bound rapidly to zinc binding protein and was 
unavailable to be transported to the CNS. The peripheral zinc 
binding protein acts like a buffer and has stronger 
affinities to bind with zinc ions than the zinc binding 
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prote in present in the b ra i n . The d i f ference in the binding 
capacity i s of s i g n i f i c a n t importance in pro tec t ing CNS from 
a c c i d e n t a l sudden i n c r e a s e i n t h e c o n c e n t r a t i o n o f 
per iphera l l y administered z inc . 
4 .2 .3 .2 Prote in 
Quant i ta t ive biochemical studies shows tha t the pro te in 
concentrat ion f a l l s w i th increasing gestat ion per iod . The 
c o n c e n t r a t i o n o f p r o t e i n was l e s s i n t he f e t u s e s i n 
exper imental group at g e s t a t i o n day 15 as compared w i t h 
contro l group (Table-2) . 
4 -2 .3 .3 RNA and DNA 
The level of RNA decreased with increasing gestation 
period. RNA concentration was significantly reduced in the 
fetal rat brain in experimental group (Table-4). 
The level of DNA increased with increasing gestation 
period -DNA concentration was reduced in experimental fetal 
rat brain as compared to control group (Table 3). 
Reduction in the synthesis of protein, RNA and DNA 
caused by zinc deficiency is of significant importance as the 
developing fetal rat brain is in "high metabolic state". 
Zinc- dependent enzymes,which are involved in the synthesis 
of protein, DNA and RNA,must have limited the metabolic 
process of the cell. The fetal rat brain weight was reduced 
in fetuses of severe zinc deficient group Fig.7 shows the 
difference in the size of the cereberal hemisphere inthe 
control and experimental group. 
4.2.3.4 Superoxide dismutase (SOD) 
Superoxide dismutase (SOD) is an enzyme which scavenges 
the superoxide radical, a toxic species generated by 
metabolic reduction of oxygen in respiring cells (Grankvist, 
1979). This enzyme has been shown to inhibit lipid per-
oxidation and protect against pathologic changes resulting 
from DNA damage, proteins and sulphydryl oxidation by the 
superoxide radial (Fridovich, 1975). 
In this study, the level of SOD in the control fetal 
rat brain increased with increased gestation period from 
gestation day 15 to gestation day 21. The level of (SOD) was 
significantly increased in fetuses from dam kept on zinc 
deficient diet from gestation day 12 to gestation day 15. 
The conditions that lead to peroxidative damage often 
result in increased expression of SOD. 
4.2.3.5 A lka l i ne phosphatase (AP) 
H i s t o c h e m i c a l o b s e r v a t i o n r e v e a l s t h a t a l k a l i n e 
phosphatase i s p r e s e n t i n t h e r a t b r a i n . Q u a n t i t a t i v e 
biochemical s t ud ies reveal marg ina l decrease i n a l k a l i n e 
phosphatase a c t i v i t y in the f e t a l ra t bra in from severe zinc 
de f i c i ency group. The two enzymes (SOD and AP) s t ud ied 
require zinc f o r t h e i r a c t i v i t y . 
The p o s s i b i l i t i e s of b iochemica l a l t e r a t i o n du r i ng 
feeding of low zinc d ie t are many since zinc i s a cofactor i n 
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a large number of enzymes which play an important role in the 
stabilization of protein structure and may be integral part 
of nucleic acid. The ingestion of zinc deficient diet was 
accompanied by changes in the activity of zinc dependent 
enzymes in the zinc deficient developing rat brain. 
:lf(i[p^ira(S< 
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Fig. (5) 21 day old fetuses from control group. 
Fig. (6), 21 days old fetuses from Dam given zinc deficient 
diet, showing skeletal abnormalities arrow shows the high 
dome cranium, a sign of hydrocephaly (arrow). 
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F i g . (7) Fe ta l B ra in f rom exper imenta l group, on l e f t s i d e , 
showing reduc t i on i n the s i z e o f c e r e b r a l hemisphere compared 
w i t h the c o n t r o l group on the r i g h t s i d e . 
F i g . (8 ) A p a r a f f i n s e c t i o n s h o w i n g e n l a r g e d f o u r t h 
v e n t r i c l e i n t h e e x p e r i m e n t a l g r o u p s h o w i n g s i g n o f 
hydrocephaly (H&E) x 40. 
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Fig. (9) Urogenital system of the Dam on zinc deficient diet, 
note the resorption of fetuses (arrow). 
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Fig.(10) Photomircorgraph of a semi-thin plastic section from 
the cerebellum of the cotrol group rat fetus showing high 
density of cell population in the outer granule cell layer 
(arrow) x 250. 
250. 
in 
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Fig. (12) Oil immersion Photomicrogaph from the semithin 
plastic section from the cerebellar granule cell layer of the 
control group fetus (arrow) x 950. 
Fig. (13) Oil immersion Photomicrograph from the cerebullar 
granule cell layer of the experimental group fetus showing 
uniform cell population x 950. 
in 
Fig. (14) Electron micrograph showing the ultra structural 
appearane of outer granule cell layer (arrow) in the fetal 
rat cerebellum. The cells are densely packed in rows some 
cells exhibit more than one nucleoli (n). The widely 
dispersed cells are of the meninges (M) which cover the 
brain. These cells show presence of nucleus (N) with a 
nucleolus (n) and homogeneously dispersed chromatin material. 
The arrow showes the line of separation of brain tissues from 
meninges covering the brain x 3200. 
Fig. (15) Electron micrograph of the inner granule cell layer 
in the cerebellum of the control group fetus showing 
irregularly dispersed heteromorphic cell population in this 
region. The cells which posses a nucleus (N) with a 
nucleolus (n) are future neurons (arrow). The cells which do 
not possess nucleouls are progenitors of astrocytes (A) x 
2450. 
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Fig. (16) Electron micrograph of the inner granule cell layer 
of the cerebellum in the control group fetus showing 
irregularly dispersed variegated cell population. Also, 
smaller cells exhibiting a dark nucleus (N) with a nucleolus 
(n) are discernible x 2450. Fig. (17) Electron micrograph 
from the cerebellar inner granule cell layer of the control 
group fetus showing the neurons (arrow) which are surrounded 
by cell processes and synapses in the neuropil (np) x 5750. 
Fig. (17) Electron micrograph from the cerebellor inner 
granule cell layer of the control group showing the neurons 
(arrow) which are surrounded by cell processes and synapses 
in the neuropil (np) x 5750. 
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F i g . (18) E l e c t r o n mircrograph showing two o l i godendrocy tes 
( 01 ,02 ) f r om t h e c e r e b e l l a r g r a n u l e c e l l l a y e r o f c o n t r o l 
g r o u p f e t u s h a v i n g d a r k n u c l e i (N ) w i t h h e t e r o g e n e o u s 
d i s t r i b u t i o n o f patches of chromat in w i t h ma r i g i na l dense 
c h r o m a t i n , i n t he v i c i n i t y of t h e n u c l e a r membrane a r row 
surrounded by a t h i n r im of e l e c t r o n dense cy top lasm. In the 
e l ec t r on dense ma t r i x of the c e l l on the r i g h t hand s i d e , 
cytopasmic o r g a n e l l a e are d i f f i c u l t t o d i s c e r n x 7750. 
F i g . (19) E l e c t r o n m i c r o g r a p h f r o m t h e c e r e b e l l a r i n n e r 
granule c e l l l ayer i n the c o n t r o l group f e t u s showing a c e l l 
e x h i b i t i n g i n e l o n g a t e d r o d shaped n u c l e u s (N) 
(Sta i jbachenzel le) x 29000. 
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Fig. (20) Electro micrograph of the cerebel lar granule c e l l 
layer of contro l group fe tus showing three nuclear p r o f i l e s 
of p r o l i f e r a t i n g ol igodendrocytes (O^ , 0^ and O3). Note the 
high e lec t ron density of cytoplasm and marginal clumping of 
the chromatin in the nuclei (N) x 7750. 
P,,. ( 2 , , Electron .icro.raph ^ ^ ^ ^ ^ f / - ^ / ^ V t ^ t l f f C r e ^ t o ; 
i ^ n f i vTeTonV 'Th^enrec t ro^^Lnse mater ia , (arrow) 
..«r,K-acont.« t.he chromosomes x 13250. represe ts t  r  
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Fig. (22) Oil immersion photomicrograph of semi-thin section 
of a part of cerebellum of the experimental rat fetus showing 
degenerating nerve fibres (arrow) x 950. 
Fig. (23) Oil immersion photomicrograph of a semi-thin 
section (plastic embedded) stained with toluidine blue in the 
region of cerebellum of experimental group fetus, showing 
degenerated neurons (large arrow) and nerve fibres (small 
arrow) x 950. 
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Fig. (24) Oil immersion Photomicrograph of semi-thin section 
of a part of the fetus cerebellum showing a primitive 
(dividing) neuron in the telophase stage of the mitosis 
(arrow) x 950. 
Fig. (25) Electron micrograph showing the granule cell layer 
in the cerebellum of experimental fetal rat brain, different 
types of cells are irregularly.scattered in this region. A 
necrotic neuron (arrow) is also visible x 1800. 
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Fig. (26) Electron micrograph at higher magnification from 
(Fig. 25 ) showing an necrotic neuron with a pale cytoplasm 
having electron dense material (arrow). A neuron with 
homogeneous chromatin material and a nucleolus (n) is having 
satellite oligodendrocyte (So) in the vicinity of its 
nucleolus (N) x 3250; 
Fig. (27) Electron micrograph at higher magnification from 
Fig. (25) showing presence of two elongated nuclei (N) with a 
nucleolus (m) and dark homogeneously distributed chromatin 
material. The perikaryon shows presence of rough endoplasmic 
reticulum (rER) arrow and mitochondria (m) surrounded by 
neuropil (MP) x 9750. 
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F i g . ( 2 8 ) E l e c t r o n m i c r o g r a p h o f t h e c e r e b e l l u m f r o m 
exper imenta l group f e t u s showing d i f f e r e n t types o f c e l l s 
hav ing nuc leus some w i t h dark homogeneous ly d i s t r i b u t e d 
ch roma t i n and a n u c l e o l u s ( n ) and o t h e r c e l l s w i t h a 
c o m p a r i t i v e 1 y l a r g e r n u c l e i (N) h a v i n g e l e c t r o n l u c i d 
homogeneously d i spersed ch romat in . A neuron w i t h an i r r e g u l a r 
nuc lea r enve lope p r o b a b l y d e g e n e r a t i n g , i s a l s o v i s i b l e 
(arrow) x 2450. 
F i g . (29) E l e c t r o n m i c rog raph show ing d i f f e r e n t t y p e s o f 
c e l l s i n the g ranu le c e l l l a r y e r o f the cerebe l lum of the 
exper imental f e t a l r a t b r a i n . Small c e l l s having markedly 
reduced s i z e , n u c l e i (N) surrounded by n e u r o p i l ( n p ) , which 
shows degenerat ing nerve f i b r e s ( a r r o w ) . A n e c r o t i c c e l l i s 
a lso v i s i b i l e ( l a r g e a r r o w ) . A number o f very smal l c e l l s are 
v i s u a l i z e d x 2950. 
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F ig . (30 , 31) E lec t r on micrograph o f the g ranu le c e l l in the 
c e r e b e ' l l u m o f t h e e x p e r i m e n t a l g r o u p f e t u s show ing 
he te romorph ic n u c l e i (N) w i t h homogenous ly d i s t r i b u t e d 
chromat in m a t e r i a l sorrunded by a t h i n n m o f cytoplasm x 
2450. 
F i g . (32) E l e c t r o n m ic rog raph o f c e r e b e l l a r g r a n u l e c e l l 
layer in the exper imenta l group f e t u s showing a neuron having 
a nuc leus (N) w i t h a homogeneously d i s t r i b u t e d c h r o m a t i n 
m a t e r i a l . The cytoplams i s pale and swo l l en showing presence 
of rough endoplasmic r e t i c u l u m (rER) w i t h ribosomes having 
a b n o r m a l l y r e d u c e d number o f o r g a n e l l e s s u r r o u n d e d by 
neurop i l ( n p ) , which shows s ign of degenera t ion (arrow) x 
5750. 
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Fig. (33) Electron micrograph of the cerebellar granule 
cell layer in the experimental group fetus showing neurons 
which are surrounded by pale kperikaryon with few organelles. 
A number of electron dense degenerating profiles are also 
seen (arrow) x 7750. 
Fig. (34 ) Electron micrograph from the experimental fetal 
rat cerebellum, showing a neuronal death, exhibiting 
electron dens heterogeneous structure. The cellular 
organelles are not clearly visualized x 4200. 
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F i g . (35) E lec t ron micrograph a t h igher m a g n i f i c a t i o n from 
F i g . ( 3 6 ) . The c e l l o r g a n e l l e s i n the o l i godendrocy tes (o) 
i s not c l e a r l y v i s i b l e . The swo l len neuron (ar row) d i s p l a y a 
f l o c c u l a r c l e a r i n g a long one p o l e . W i t h c l e a r c e l l u l a r 
o rgane l l ae x 8800. 
F ig . (36) E lec t r on mi rc rograph from the g ranu le c e l l layer 
o f ce rebe l l um i n t he e x p e r i m e n t a l g r o u p , f e t u s showing 
An o l i godendrocy te (o) e x h i b i t i n g an e l e c t r o n dense nucleus 
(N) and c e l l m a t r i x i s surrounded by n e u r o p i l ( np ) , which 
shows s i g n of d e g e n e r a t i o n t h e s m a l l a r r o w p o i n t s t o t h e 
degenerated n e u r o p i l composed of e l e c t r o n dense p o r t i o n i n 
the cent re w i t h a r im o f e l e c t r o n l u c i d m a t e r i a l surrounded 
by swol len degenra t ing nerve f i b e r ( l a r g e ar row) x 3200. 
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Fig. (37) Electron micrograph from the neuropil (np) in the 
region of cerebellum from experimental fetal rat brain, 
showing degenerated nerve fiber (arrow) in the form of 
electron dense granules x 2450. 
Fig. (38) Electron micrograph from experimental group fetus 
Shows the presense of different types of cells, surrounded by 
degenerating neuropil (np) (arrow) x 6000. 
190 
' nP 
\--l 
r ^^, 
« B i & < 7 ^ 
F i g . (39) Showing a p a r a f f i n s e c t i o n (H&E) from the f e t a l 
cerebrum a t the caudal p a r t o f hippocampus of a r a t f e t u s 
from p a i r e d fed dams. From s u p e r f i c i a l t o deep layer are 1) 
c o r t i c a l p l a t e , showing c o m p a r a t i v e l y d e n s e l y p o p u l a t e d 
c e l l s . (2 ) The i n te rmed ia te zone and (3) the da rk l y s ta ined 
h i g h l y c o m p a c t g e r m i n a l c e l l l a y e r t h e a r r o w i n d i c a t e 
approximate l i n e o f separa t i on o f these zones x 80. 
F ig (40) Sem i - t h i n t o l u i d i n e b lue s t a i n e d s e c t i o n from the 
f e t a l c e r e b r a l c o r t e x o f c o n t r o l g r o u p , s h o w i n g , f r o m 
s u p e r f i c i a l t o deep l a y e r , t h e 1) c o r t i c a l p l a t e z 
In te rmed ia te zone, and 3) dark h i g h l y compact germinal c e l l 
l a y e r , t h e a r r o w The a r r o w s show a p p r o x i m a t e l i n e s or 
separa t ion of these l aye rs x 95. 
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F i g . ( 4 1 ) S e m i - t h i n t o l u i d i n e b l u e s t a i n e d s e c t i o n o f 
cerebrum i n the c o n t r o l group f e t u s showing the densly packed 
c o r t i c a l p l a t e c e l l s h a v i n g a n u c l e u s (N) w i t h p a l e 
cy top lasm. Arrow p o i n t s t o the l i n e o f sepa ra t i on of c o r t i c a l 
p l a t e f rom the i n te rmed ia te zone x 250. 
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F i g . (42) E l e c t r o n m ic rog raph f r o m t h e c o r t i c a l p l a t e o f 
cerebrum i n the c o n t r o l group f e t u s showing d i f f e r e n t types 
of c e l l s , some having c l e a r nuc leo lus (n) are p rogen i to r of 
f u t u r e neurons. The remaining c e l l s w i t h o u t a nuc leo lus (n) 
w i l l probably d i f f e r e n t i a t e i n t o d i f f e r e n t types o f neu rog l i a 
(smal l a r r o w ) . The c e l l s w i t h dense chromat in w i l l probably 
d i f f e r e n t i a t e i n t o one o f t he above m e n t i o n e d c e l l t y p e s 
( l a rge arrow) x 9800. 
F i g . (43) E l e c t r o n m ic rog raph f r o m t h e c e r e b r a l c o r t i c a l 
p l a t e i n c o n t r o l group f e t u s s h o w i n g d i f f e r e n t t y p e s o f 
c e l l s . A l a r g e c e l l w i t h a n u c l e u s ( n ) h a v i n g pa tches o f 
d ispersed chromat in (ar row) i s seen. Shor t arrow p o i n t i n g t o 
two c e l l s one hav ing a ve ry s m a l l n u c l e u s (N) t he o t h e r 
showing much l a r g e r nuc leus (N) s e p a r a t e d by t h i n r i m o f 
cytoplasm x 8800. 
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Fig. (44) Electron micrograph from the deep region in the 
cortical plate of the control group cerebrum showing neurons 
having a nucleus (N) with homogeneously dispersed chromatin, 
surrounded by un myelinated nerve fibres (np) x 6000. 
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Fig. (45) Showing a paraffin section (H & E) from the 
cerebrum at the rostrol part of hippocampus of rat foetus 
from severe zinc deficient group. From superficial to deep 
layer are: (1) the cortical plate showing comparatively 
densely populated cells, (2). The intermediate zone and (3) 
the darkly stained highly compact germinal cell layer the 
arrow shows the lins of separationof these zones x 40 
Fig. (46) Semi-thin section stained with toluidine blue, from 
superficial part of cortical plate of cerebrum from severe 
zinc deficient group shwoing different types of cell's. Note 
that some cells exhibiting larger nucleus (N) with 
comparatively reduced amount of chromatin are present in this 
layer. Small arrow points the neurons in the process of 
mitotic division and a large arrow points to cells showing 
telophase stage of mitotic division. The divided nuclei lie 
at opposite poles. A satellite oligodendrocytes (0) is also 
seen in its vicinity x 950. 
Fig. (47) Semi-thin section stained with toluidine blue, from 
the deep layer of cortical plate of fetal rat cerebrum from 
severe zinc deficient group, showing different types of 
neurons. Arrow points to the cellular death in the form of 
highly dense by stained material x 950, 
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Fig. (48) Semi-thin sect ion stained wi th t o l u i d i n e blue and 
F ig . (49) s ta ined w i th R icha rdson ' s techn ique from the 
c o r t i c a l p la te of the ce rebra l c o r t e x i n the exper imen ta l 
fetuses, showing some neurons w i th swollen pale cytoplasm 
(arrow) x 950. 
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F i g . (50) E lec t ron micrograph f rom the s u p e r f i c i a l p a r t of 
c o r t i c a l p l a t e of cerebrum i n the exper imenta l group, showing 
d i f f e r e n t t y p e s o f c e l l s h a v i n g n u c l e o l i (N ) w i t h 
homogeneously d i s t r i b u t e d ch roma t in . Having an i r r e g u l a r l y 
shaped nuclear membrane. Some of them show dark chromat in and 
some do not e x h i b i t a nuc leo lus x 8800. 
F i g . (51) E l e c t r o n m i c rog raph f r o m t h e ce reb rum i n t h e 
exper imenta l group, showing presence o f an o l igodendrocyte 
hav ing a nuc leus (N) w i t h h e t e r o g e n e o u s d i s t r i b u t i o n o f 
c h r o m a t i n , a t h i n r i m o f d e n s e c h r o m a t i n f o l l o w s t h e 
i r r e g u l a r shaped nuc lear membrane. The cytoplasm i s e l ec t r on 
dense and t h e c e l l u l a r s t r u c t u r a l d e t a i l s a r e no t c l e a r l y 
v i s i b l e x 5750. 

F i g . ( 5 2 ) E l e c t r o n m i c r o g r a p h f r o m t h e c e r e b r u m o f 
e x p e r i m e n t a l f e t a l r a t b r a i n , s h o w i n g d i f f e r e n t t ypes o f 
c e l l s , surrounded by neu rop i l ( n p ) . Arrow p o i n t s degenerat ing 
nerve f i b e r s i n t h i s reg ion x 3200. 
F i g . (53) E l e c t r o n m i c rog raph f r o m F i g . ( 5 2 ) a t h i g h e r 
m a g n i f i c a t i o n showing arrow i n d i c a t e degenera t ing nerve f i b e r 
X 7200. 
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Fig. (54) Electron micrograph from the cerebrum in the 
experimental group showing degenerating part of neuropil in 
the form of groups of electron dense fibers arrow x 6000. 
Fig. (55) Electron micrograph from the cerebrum of 
experimental fetal rat brain, showing presence of different 
types of cells in the vicinity of degenerating neuropil 
(arrow) (6000), 
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F i g . ( 5 6 ) E l e c t r o n m i c r o g r a p h f r o m t h e c e r e b r u m o f 
exper imenta l r a t f e t a l b ra in showing n e c r o t i c c e l l s having 
p e c u l i a r s h a p e d i r r e g u l a r n u c l e a r membrane w i t h d a r k 
cy top lasm ( a r r o w ) . The c e l l s a r e s u r r o u n d e d by n e u r o p i l 
showing s igns o f degenerat ion (a r row) x 6000. 
F i g . (57) E l e c t r o n micrograph o f the c e r e b r a l ^ ^ ^ ^ ^ ^ ^ ^ J " J*"^ 
e x p e r i m e n t a l g r o u p , f e t a l r a t ^^^^ " , ^'^^r'^ " 9 f , " f ^ ' S u h 
neuron w i t h a v e r y dark i r r e g u l a r shaped " ' i ^ J / ^ / ^ - ^ ^ ^ ' ; ^ ^ 
e l e c t r o n l u c i d m a t e r i a l i n t h e n u c l e u s ( N ) . ^he e l e c t r o n 
dense reg ion i n the neu rop i l are degenera t ing unmyelinated 
nerve f i b e r s (a r row) x 5750. 
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F i g . (58) E l e c t r o n m ic rog raph f r o m t h e ce reb rum i n t h e 
exper imenta l f e t a l r a t b r a i n showing p a r t o f a nucleus (N)of 
a neuron. The e l e c t r o n dense m a t e r i a l are degenerated neurons 
(arrow) x 9750. 
F i g . (59) E l e c t r o n m ic rog raph f r o m t h e c e r e b r a l r e g i o n i n 
exper imenta l f e t a l r a t b r a i n , showing a nucleus (N) w i t h a 
nuc leo lus (n) d i s p l a y i n g f l o c c u l a r c l e a r i n g a t one pole i n 
the v i c i n i t y of a degenerat ing nerve f i b e r (a r row) x 9750. 
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Fig. (60) Electron micrograph of the cerebral cortex in the 
experimental fetal rat brain showing a marcophage with a 
variety of inclusions pushing the nucleus (N) to one side 
surrounded by neuropil (np) which shows sign of degeneration 
(arrow) x 9750. 
Fig. (61) Electron micrograph of the neuropil (np) in the 
cerebrum of experimental fetal rat brain showing the 
degenerating nerve fiber (arrow)in the form of electron dense 
material surrounded by unmyelinated nerve fiber x 9750. 
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F i g . (62) E l e c t r o n micrograph f rom an o b l i q u e l y cu t s e c t i o n 
th rough a c o l l a p s e d c a p i l l a r y i n t h e ce reb rum f r o m t h e 
e x p e r i m e n t a l g r o u p s h o w i n g The b a s a l l a m i n a o f t h e 
e n d o t h e l i a l c e l l s (a r row) s p l i t t o enclose the p e r i c y t e (P) 
i n a l l d i r e c t i o n . The nucleus (N)o f the e n d o t h e l i a l c e l l i s 
bu lg i ng in the lumen o f the c a p i l l a r y x 9750. 
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F i g - (63) Photomicrograph f r o m a s e m i - t h i n s e c t i o n 
s ta ined w i t h T o l u i d i n e b l u e , showing the t r ansve rse l y cut 
o p t i c chiasma (a r row) o f f e t a l r a t b r a i n . On the super ior 
aspect the o p t i c chiasma i s c o v e r e d by a l a y e r o f c e l l s 
having e longated n u c l e i ( N ) . Above i t l i e s a group of c e l l s 
i d e n t i f i e d as suprach iasmat i c nucleus (S) x 250. 
P i g . ( 6 4 ) O i l i - - - ; ^ ° ; P^.^.^tal'^r^t^'b'^^^^^ 
s u p r a c h i a s m a t i c nuc leus i n t h e ^f^.^J . ^ ^ ^ J L e ^ t a l i n e of 
d i f f e r e n t types o f neurons. On ^^e i n f e r i o r aspect a ^ 
c e l l s w i t h a l o n g a t e d n u c l e i ( a r r o w ) s e p a r a t e s ^z r r o 
o p t i c chiasma (O.ch) x 950. 
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Fig. (65) Oi l immersion photomicrograph of groups of ce l l s in 
v i c i n i t y of suprachiasmat ic nuce lus , showing a d i v i d i n g 
oligodendrocyte in the l as t stage of m i t o t i c c e l l d i v i s ion 
(arrow) x 950. 
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F i g . ( 6 6 ) E l e c t r o n m i c r o g r a p h i n t h e r e g i o n o f 
suprachiasmat ic nuc leus i n the exper imenta l group showing 
nec ro t i c c e l l s i n t he form o f e l e c t r o n dense m a t e r i a l 13250. 
F i g . ( 6 7 ) ) E l e c t r o n m i c r o g r a p h i n t h e r e g i o n o f 
sup rach iasma t i c nuc leus i n t h e f e t a l e x p e r i m e n t a l g roup 
showing neuron w i t h nuc leus (N) c o n t a i n i n g h e t e r o g e n e o u s 
chromat in w i t h an i r r e g u l a r nuc lear envelop surrounded by 
pale degenerat ing n e u r o p i l . E l e c t r o n dense m a t e r i a l appears, 
a b u t t i n g the neurons. The degenera t ing n e u r o p i l (a r row) can 
a lso be seen through t h i s dark m a t e r i a l x 4350. 
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F i g . ( 6 8 ) T o l u i d i n e b l u e s t a i n e d s e m i - t h i n s e c t i o n 
photomicrograph from the ce reb ra l c o r t e x of the f e t u s f rom 
mi ldy z inc d e f i c i e n t group. Only some o f the f e tuses were 
showing massive neuronal degenera t ion i n c o r t i c a l p l a t e (dark 
s ta ined g ranu les ) (ar row) x 250. 
F i g . (69) O i l - immers ion photomicrograph of sem i - t h i n sec t i on 
showing d i f f e r e n t t ype o f n e c r o t i c c e l l s , some dark dead 
c e l l s (smal l arrow showing no c e l l u l a r s t r u c t u r e . Some are 
p y k n o t i c c e l l , l a r g e (a r row) s h o w i n g d a r k c y t o p l a s m and a 
nucleus (N) the arrow p o i n t s t o c lumping o f chromatin a t a 
nuclear po le w i t h fo rma t ion of Pale Vacuole l i k e s t r u c t u r e 
in the nuc leo lus x 950. 
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Fig. (70) Oi 1-immersion photomicrograph, of semi-thin, 
toluidine blue stained section from the corticol plate of 
cerebral cortex in mildly zinc deficient rat fetus showing A 
marcophages with numerous phagocytic particles in the form of 
dark granules (arrow) x 950. 
Fig. (71) Oil-immersion photomicrograph, of semi-thin, 
toluidine blue stained section from the corticol plate of 
cerebral cortex in mildly zinc deficient rat fetus showing A 
marcophages with numerous phagocytic particles in the form of 
dark granules (arrow) x 950. 
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F i g . (72) O i l - immers ion s e m i - t h i n s e c t i o n photomicrograph 
f r o m t h e c e r e b r a l c o r t e x o f r a t f e t u s i n m i l d l y z i n c 
d e f i c i e n t group s t a i n e d w i t h T o l u i d i n e b l u e showing p a l e 
s t a i n e d c e l l s hav ing reduced amount o f c h r o m a t i n and a 
nuc leo lus ( n ) . A fragmented nuc leus o f a n e c r o t i c neuron i s 
a lso seen (a r row) x 950. 
F i g . (73) E lec t ron micrograph from the c o r t i c a l p la te of 
ce rebra l co r tex i n the areas where the c e l l s were showing 
reduced amount of chromat in ( F i g . 7 2 ) . Note t h a t the chromatin 
i s h e t e r o g e n e o u s and t h e n u c l e o l u s i s n o t w e l l 
d i f f e r e n t i a t e d . The c e l l s a re s w o l l e n w i t h s w o l l e n rough 
endoplasmic r e t i c u l u m (rER) x 7750. 
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F i g . (74) O i l - immers ion s e m i - t h i n s e c t i o n photomicrograph 
f romthe c e r e b r a l c o r t e x o f . r a t f e t u s i n t h e r e g i o n o f 
germinal- c e l l l a y e r s ta ined w i t h t o l u i d i n e b lue showing h igh 
popu la t ion o f densely packed germinal c e l l s x 950. 
Fig (75) E l e c t r o n micrograph of the germinal c e l l l ayer of 
r a t f e t u s s h o w i n g c e l l s w i t h d a r k n u c l e u s (N) h a v i n g 
heterogeneous pa tches o f c h r o m a t i n , t h e n u c l e o l u s i s n o t 
d i f f e r e n t i a t e d x 4350. 
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F i g . (76) E l e c t r o n micrograph from the s u p e r f i c a l par t of 
i n te rmed ia te zone f rom m i l d z i n c d e f i c i e n t r a t fe tus showing 
d i f f e r e n t t ypes o f c e l l s h a v i n g he te rogeneous c h r o m a t i n 
ma te r i a l and a nuc leo lus x 1950. 
F i g . (77) E lec t ron micrograph f rom the cerebrum in the region 
o f i n t e r m e d i a t e zone f r o m m i l d l y z i n c d e f i c i e n t r a t f e t u s 
showing d i f f e r e n t t ypes o f c e l l s h a v i n g a n u c l e u s ( N ) w i t h 
heterogeneous!y d i s t r i b u t e d ch roma t in . The nucleolus i s not 
w e l l d i f f e r e n t i a t e d . The d a r k c e l l ( a r r o w ) i s an 
o l i godendrocyte. 
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cl%SJi r. ^ J«ct;o"^'"icrograph of a pyknotic neuron in the 
show^no nf '^\^ ^^^^ ^'°'' "^ "^l^ y^ ^^ 'nc deficient fetus 
?n? Tho w cytoplasm and a nucleus (N)with a nucleolus 
6O06 disrupted nuclear membrane is also visible (arrow) x 
liyer o7cort^'c\^''nlVJn'?''?H' • °' cerebrum from the deep 
neurons having a nScteCsfN^wfth^h't'"'^''""" '"^^^' ^^°^^"3 
a nucleolus (n) th^ m^^i ^ ^^ heterogeneous chromatin and 
Clearing^at%':e\reTaVrr,r48or '^ ^ - " ' ^ ^ - ^ ' ^ - - ^ -
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F i g . (80) O i l - i m m e r s i o n p h o t o m i c r o g r a p h o f a s e m T - t h i n 
sec t ion s ta i ned w i t h t o l u d i n e b lue i n t h ^ j - e g i o n of ^^^l 
ceraleus i n t he c o n t r o l dam s h o w i n g n e u r o n s (N) h a v i n g a 
nuc leo lus (n) surrounded by mye l ina ted nerve f i b e r s . A la rge 
number of c a p i l l a r i e s are a lso v i s i b l e x 950. 
F i g . (81) o i l - i m m e r s i o n photomicrograph o f s e m i - t h i n sec t i on 
from the reg ion of locus ce ro l eus s t a i n e d w i t h t o l u i d i n e blue 
i n the e x p e r i m e n t a l dam on s e v e r e l y z i n c d e f i c i e n t d i e t , 
showing d i f f e r e n t t ypes o f c e l l s h a v i n g s h r u n k e n and p a l e 
cytoplasm (ar row) surrounded by n e u r o p i l (np) x 950. 
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Fig. (82) Electron micrograph in the region of locus 
ceruleus, in the control dam showing different types of 
cells. The one in the centre having electron dense nucleus 
(N) with hetrogenously distributed chromatin, surrounded by 
neuropil (np) on lower part of the corners of the picture. 
Part of two neurons with homogeneously distributed chromatin 
and a nucleolus are also seen x 13250. 
Fig. (83) Oil-immersion photomicrograph of semi-thin stained 
section with Richardson technique from the ependyma covering 
the wall of the third ventricle in a dam. The ependyma! cells 
large arrow are arranged on a basement membrane in a single 
row, small (arrow) showing pale cytoplasm and centrally 
placed nucleus (N)x 950. 
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F i g . (86) O i l - i m m e r s i o n p h o t o m i c r o g r a p h f r o m s e m i - t h i n 
sec t i on o f the cerebe l lum i n a dam s ta i ned w i t h R ichardson 's 
technique method showing the h i g h l y packed dark g ranu le c e l l 
(G) w i t h a row of p u r k i n j e c e l l (P) l aye r s u p e r f i c i a l t o i t x 
950. 
homogeneously d i s t r i bu ted° r ^^^^ . ° ' ^ P u r k i n j e c e l l having a (n) l y i n g c ose ?oaPth»^ chromat in w i t h two smal l nuc leole i 
t o a nulllber o r g r o w t h ' S S n e r i n T h ' " " ' '"-"^^rane. Arrow po in ts X 13250. 9'"owrn cones i n the v i c i n i t y o f Purk in je c e l l s 
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F i g . (84) O i l - immers ion photomicrograph of s e m i - t h i n s e c t i o n 
of hippocampus (CA^) s t a i n e d w i t h T o l u i d i n e b lue showing the 
granule c e l l l aye r (G) . Deep t o i t l i e s the pyramidal (P) 
c e l l l aye r and the h i l um (h ) x 950. 
O i l - immers i on photomicrograph o f f e m i - t h i n sec t ion 
-g ion o f hippocampus (CA3) s t a i n e d w i t h t o l u i d i n e 
;?ng pyramida l c e l l s ( P ) . some of them having c lea r 
„ _ sec t ion 
F ig . (87) 
i n the re< 
blue showing 
nucleolus (n) x 950. 
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Fig. (88) Electron micrograph from the region of supra 
chiasmatic nucleus in a Dam showing the presence of a neuron 
having a nucleus (N) with homogeneously distributed chromatin 
and a nucleolus (n) surrounded by neuropil (np) the neuropil 
on the right side shows transversely cut (small arrow) optic 
chiasma fibers. Also seen in the line of demarcation from 
the neuropil on the left side which surround the neuron large 
(arrow) x 5750. 
Fig. (89) Electron micrograph of neuroglial cells in the 
region of hippocampus of zinc intoxicated rat showing 
intranuclear inclusion short (arrow) and electron dense 
granules clumped up in the vicinity of nuclear membrane long 
(arrow) x 4000. 
Fig. (90) Electron micrograph at higher magnification of 
the electron dense material seen in Fig. (89) x 76000. 
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Fig. (91) Electron micrograph in the region of hippocampus of 
zinc intoxicated rat show presence of lipfuscin (arrow) in 
the form of different sized granuls having peripherally 
electron dense component x 62000, 
Fig. (92) Electron micrograph of neuropil in the region of 
hippocampus of zinc intoxicated rat showing presence of 
electron dense material (arrow) (lipofuscin) x 62000. 
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Fig. (93) Electron micrograph of a myelinated nerve fiber 
of zinc intoxicated rat in the region of the hippocampus 
showing degenerating nerve fiber having disruption and 
separation of myelin lamellae with electron dense granules x 
130000. 
Fig. (94) Electron micrograph of a myelinated nerve fiber 
in the region of hippocampus of a zinc intoxicated rat 
showing splitting of the myelin lamellae with a number of 
electron dense granules (arrow) x 109600. 
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Fig. (95) Photomicrograph from a cryostat section in the 
region of rat brain cerebellum showing zinc-zincon reaction 
in the nucleus (Brown in colour) and in the cytoplasm, Nerve 
fiber are light blue in colour x 95. 
Fig. (96) Photomicrograph from a cryostat section in the 
region of rat brain corpus-striatum, showing zinc-zincon 
reaction in the nucleus (brown in colour) and cytoplasm is 
blue in colour x 95. 
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Fig. (97) ^Photomicrograph from a ?paraffin section showing 
part of cerebellum. Note the sites of alkaline phosphatase 
activity stained black in colour x 95. 
Fig. (98) Photomicrograph of a paraffin section showing part 
of hippocampas (CA^) Note the sites of alkaline phosphatase 
activity stained black in colour x 95. 
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F i g . (99) Pho tom ic rog raph o f s e c t i o n s o f r a t ce rebe rum 
s ta ined w i t h s i l v e r n i t r a t e (mod i f i ed g o l g i techn ique t o show 
the d i f f e r e n t neurons and t h e i r process x 95. 
F i g . (100) Photomicrograph o f s e c t i o n of r a t cerebrum s i l v e r 
s t a i n e d s h o w i n g d i f f e r e n t t y p e s o f n e u r o n s and t h e i r 
processes x 95. 
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F i g . (101) Pho tomic rog raph o f s e c t i o n s o f r a t ce rebe rum, 
s i l v e r s ta ined to show p ro top lasmic a s t r o c y t e x 250. 
F i g . ( 1 0 2 ) P h o t o m i c r o g r a p h o f s e c t i o n s o f r a t b r a i n 
cereberum, s i l v e r s t a i n e d t o show f i b r o u s a s t r o c y t e s X 250. 
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CNS 
BSA 
DDW 
DNA 
EDTA 
RNA 
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Central Nervous system 
Bobine serum Albumine 
Double Distilled water 
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Trichlora acetic acid 
